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1
OPTICAL DEVICE AND PROJECTOR

The entire disclosure of Japanese Patent Applications No.
2006-26'7943 and No. 2006-267944, both filed Sep. 29, 2006,
1s expressly icorporated by reference herein.

BACKGROUND

1. Technical Field

The present invention relates to an optical device and a
projector.

2. Related Art

There have been known projectors including an optical
modulator that modulates a light beam irradiated from a light
source 1n accordance with image information and a projection
optical device that projects the light beam modulated by the
optical modulator 1n an enlarged manner.

As the optical modulator, an optical modulating element (a
liquid crystal panel) in which liquid crystal 1s sealed between
a pair of substrates are generally used. On a light incident side
and a light emitting side ofthe optical modulating element, an
incident-side polarizer and an wrradiation-side polarizer
which transmit a light beam having a predetermined polar-
1zation axis are respectively disposed.

In the projector that includes optical elements such as the
optical modulating element, the incident-side polarizer and
the wrradiation-side polarizer, heat absorption of the light
beam from the light beam source by a liquid crystal layer, a
black matrix, wiring and the like often causes temperature
rise in the optical modulating element and heat generation in
the polarizer.

Accordingly, for the projector that accommodates the
above-described optical elements, a technique for cooling the
optical elements using a heat pipe has been suggested (see, for
instance, a patent document JP-A-2001-312002).

In the technique disclosed 1n the document, the heat pipe 1s
disposed at a position spaced from the optical elements such
as a liquid crystal panel and a cooling fin 1s 1n thermal contact
with a heat-absorbing portion (an evaporating portion) of the
heat pipe. Heat 1n air 1n the vicinity of the optical elements
such as the liquid crystal panel 1s transferred to the cooling {in.
The heat 1n the cooling fin 1s absorbed by the heat pipe,
transierred to a heat releasing portion (a condensing portion)
of the heat pipe to be released.

However, since the technique disclosed in the document
cools the optical element via the air, thermal resistance 1n the
heat transier from the air to the evaporating portion (the
cooling fin) of the heat pipe 1s large, so that 1t 1s difficult to
lower the temperature of the air. As a result, the optical ele-
ments cannot be efficiently cooled.

SUMMARY

An advantage of some aspects of the present invention
relates to an optical device and a projector which efficiently
cool an optical element.

A projector according to an aspect of the invention
includes: a light source device; an optical device that modu-
lates a light beam irradiated from the light source device 1n
accordance with image information; and a projection optical
device that projects the light beam modulated by the optical
device. The optical device includes: an optical element opti-
cally converting the light beam incident thereon and emitting
the converted light beam; and a heat-conducting member that
1s connected with the optical element in a heat transierable
manner to cool the optical element. The heat-conducting
member includes a heat pipe having: a tube; a capillary struc-
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ture provided 1n the tube; and a coolant housed 1n the tube, the
coolant circulating 1n the tube to transfer heat 1n the heat-
conducting member. An optical-element-side connecting
portion of the optical element to be connected with the heat-
conducting member and a heat-conducting-member-side
connecting portion of the heat-conducting member to be con-
nected with the optical-element-side connecting portion are
configured to be 1n a surface-contact when the connecting
portions are connected to each other.

The optical element may include an optical element body
such as an optical modulating element, an incident-side polar-
1zer, an 1rradiation-side polarizer and the like and a holder
frame holding the optical element body or may only have the
optical element body with no holder frame.

The heat-conducting member may include a heat pipe and
another member connecting with the heat pipe 1n a heat trans-
ferable manner or may only have the heat pipe with no the
another member.

The capillary structure may be provided 1n various forms,
which includes extra-fine line wick of a plurality of fine
copper lines and the like, net-like metal mesh wick, groove-
wick 1n which a plurality of grooves are formed inside the
tube and sintered wick of powder form.

The optical element and the heat-conducting member only
need to have shapes 1n which connecting portions (the opti-
cal-element-side connecting portion and the heat-conduct-
ing-member-side connecting portion) surface-contact with
cach other. Accordingly, various arrangements of the con-
necting portions can be exemplified such as an arrangement
where the optical-element-side connecting portion 1s pro-
vided on an outer surface of the optical element and the
heat-conducting-member-side connecting portion 1s formed
to coincide with a profile of the outer surface of the optical
clement, an arrangement where the heat-conducting-mem-
ber-side connecting portion 1s provided on an outer surface of
the heat-conducting member and the optical-eclement-side
connecting portion i1s formed to coincide with a profile of the
outer surface of the heat-conducting member, and an arrange-
ment where the optical-element-side connecting portion and
the heat-conducting-member-side connecting portion are
respectively provided to be in surface-contact with each other.

According to the aspect of the invention, the heat-conduct-
ing member includes a heat pipe and 1s connected to the
optical element 1n a heat-transferable manner. Accordingly,
as compared with a related-art arrangement, the heat-con-
ducting member 1s directly connected with the optical ele-
ment without interposition of air, heat-resistance on the heat
transier passage from the optical element to the heat-conduct-
ing member can be lowered.

The optical element and the heat-conducting member have
shapes for allowing a surface-contact of the connecting por-
tions (the optical-element-side connecting portion and the
heat-conducting-member-side connecting portion, respec-
tively). Accordingly, a contact area between the optical ele-
ment and the heat-conducting member can be increased,
thereby enhancing heat transfer characteristics from the opti-
cal element to the heat-conducting member.

Hence, the optical element can be efficiently cooled to
prevent temperature rise in the optical element, so that ther-
mal degradation of the optical element can be efliciently
avoided.

In the projector according the aspect of the invention, the
optical-element-side connecting portion may be an outer sur-
face of the optical element. The heat-conducting-member-
side connecting portion of the heat-conducting member may
be formed on an outer surface of the heat pipe. The heat-
conducting-member-side connecting portion of the heat pipe
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may be provided by pressing so as to coincide with a profile
ol the outer surface of the optical element.

According to the aspect of the invention, the outer surface
ol the optical element 1s connected with the outer surface of
the heat pipe 1n a heat transfer manner. The heat-conducting-
member-side connecting portion provided on the outer sur-
face of the heat pipe 1s pressed so as to coincide with the
profile of the outer surface of the optical element. Accord-
ingly, as compared with an arrangement where the outer
surface of the heat pipe serves as the heat-conducting-mem-
ber-side connecting portion and the optical-element-side con-
necting portion 1s formed to coincide with the outer profile of
the heat pipe, a structure for achieving surface-contact
between the connecting portions of the optical element and
the heat pipe (the optical-element-side connecting portion
and the heat-conducting-member-side connecting portion)
can be obtained only by pressing the heat pipe, thereby eifi-
ciently cooling the above-described optical element with a
simple arrangement to prevent temperature rise in the optical
clement, thereby efficiently avoiding heat degradation of the
optical element.

In the projector according to the aspect of the invention, the
heat-conducting member may include an outer frame body
that surface-contacts with the outer surface of the heat pipe in
a heat transferable connection, and the heat-conducting-
member-side connecting portion may be formed on an outer
surface of the outer frame body.

According to the aspect of the invention, the heat-conduct-
ing member includes the heat pipe and the outer frame body
and surface-contacts with the optical element with the outer
frame body interposed between the heat pipe and the optical
clement. Accordingly, as compared with, for example, an
arrangement where the heat pipe 1s pressed such that the heat
pipe surface-contacts with the optical element, since the outer
frame body 1s interposed between the optical element and the
heat pipe, no pressing 1s required on the heat pipe and 1t 1s only
necessary to process the heat-conducting-member-side con-
necting portion on the outer surface of the outer frame body
into a shape in coincidence with the profile of the outer
surface of the optical element, thereby efficiently cooling the
above-described optical element to prevent temperature rise
in the optical element while efficiently maintaining the char-
acteristics of the heat pipe to elliciently avoid heat degrada-
tion of the optical element.

In the projector according to the aspect of the invention, the
optical-clement-side connecting portion may be provided on
cach of mutually-opposing sides of the optical element. The
heat-conducting member may have a U-shape 1n plan view
which 1s formed by a base end extending 1n a predetermined
direction and a pair of extending portions extending from
ends ol the base end 1n a direction substantially orthogonal to
the extending direction of the base end. The pair of extending,
portions may be each provided with the heat-conducting-
member-side connecting portion in correspondence with the
optical-element-side connecting portion.

According to the aspect of the invention, the heat-conduct-
ing member 1s formed 1n the U-shape including the base end
and the pair of extending portions, and the heat-conducting-
member-side connecting portion 1s provided on each of the
pair ol extending portions. The heat-conducting-member-
side connecting portions provided on the pair of extending
portions of the heat-conducting member are connected with
the optical-element-side connecting portions provided on the
mutually-opposing sides of the optical element 1n a heat
transierable manner. In other words, the heat pipe constitut-
ing the heat-conducting member functions as the evaporating
portion on which at least a part of the pair of extending
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portions and sides spaced from the evaporating portion (for
instance, the base end) functions as the condensing portion
for releasing heat. Accordingly, as compared with an arrange-
ment where, for instance, the heat-conducting member 1s
connected with only one of the sides of the optical element 1n
a heat-transierable manner, a plurality of coolant reflux pas-
sages (for example, two) can be provided 1n the tube between
at least one of the evaporating portions of the extending
portions and the condensing portions located apart from the
evaporating portions (for example, two), so that a heat trans-
fer rate 1n the tube can be increased to efliciently cool the
optical element, thereby preventing temperature rise in the
optical element to efliciently avoid heat degradation of the
optical element. To efficiently cool the optical element, an
arrangement where, for example, two heat-conducting mem-
bers are connected to the mutually-opposing sides of the
optical element in a heat-transierable manner 1s concervable.
In the arrangement according to the invention, the optical
clement can be sutliciently cooled by only one heat-conduct-
ing member, so that the structure of the optical device can be
simplified to reduce the cost of the optical device.

In the projector according to the aspect of the invention, the
optical-element-side connecting portion may be provided on
cach of mutually-opposing sides of the optical element. The
heat-conducting member may have a ring shape enclosing an
outer periphery of the optical element, the heat-conducting
member being provided with the heat-conducting-member-
side connecting portion on mutually-opposing inner sides of
the ring shape.

According to the aspect of the invention, the heat-conduct-
ing member has a ring shape enclosing an outer periphery of
the optical element and 1s provided with the heat-conducting-
member-side connecting portions on mutually-opposing
inner sides of the ring shape. The mutually-opposing heat-
conducting-member-side connecting portions provided of the
inner side of the ring shape of the heat-conducting member
are connected with the optical-element-side connecting por-
tions provided on the mutually-opposing sides of the optical
element 1n a heat transterable manner. In other words, 1n the
heat pipe constituting the heat-conducting member, at least a
part of the portions on which the heat-conducting-member-
side connecting portions are provided functions as the evapo-
rating portion for absorbing heat, and the portions located
between the heat-conducting-member-side connecting por-
tions on the sides spaced from the evaporating portion func-
tion as the condensing portion for releasing heat. Accord-
ingly, as compared with, an arrangement where, for instance,
the heat-conducting member 1s connected only with one of
the sides of the optical element 1n a heat-transierable manner,
a plurality of ({or example, four) coolant retflux passages can
be provided in the tube between at least the part of the portions
on which the heat-conducting-member-side connecting por-
tions are provided and the condensing portions located apart
from the evaporating portions (the portions located between
the heat-conducting-member-side connecting portions), so
that a heat transier rate 1in the tube can be increased, which
allows efficient cooling of the optical element, thereby pre-
venting temperature rise in the optical element to efficiently
avold heat degradation of the optical element. To efficiently
cool the optical element, for example, an arrangement where
two heat-conducting members are connected to the mutually-
opposing sides of the optical element 1n a heat-transierable
manner 1s concervable. In the arrangement according to the
invention, the optical element can be efficiently cooled by
only one heat-conducting member and temperature increase
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in the optical element can be prevented, so that the structure of
the optical device can be simplified to reduce the cost of the
optical device.

In the projector according to the aspect of the invention, a
fin-like portion for heat-releasing may be provided on the
outer surface of the heat-conducting member.

According to the aspect of the imnvention, since the fin-like
portion for releasing heat 1s provided on the outer surface of
the heat-conducting member, the heat absorbed by the evapo-
rating portions of the heat-conducting member from the opti-
cal element 1s released to the outside via the fin-like portion.
Hence, a suilficient heat releasing area of the heat-conducting
member can be obtained, thereby providing excellent heat
releasing characteristics.

In the projector according to the aspect of the invention, the
fin-like portion may be made by forming the outer surface of
the heat-conducting member 1nto a fin-like shape.

According to the aspect of the invention, as compared with
an arrangement where the fin-like portion 1s provided as a
body separate from the heat-conducting member, since the
outer surface of the heat-conducting member 1s formed 1n a
fin-like shape, the heat moving 1n the tube 1n the heat-con-
ducting member can be efficiently transferred to the fin-like
portion and efliciently released via the fin-like portion.

In the projector according to the aspect of the invention, the
fin-like portion may be a body separate from the heat-con-
ducting member, the fin-like portion being connected to the
outer surface of the heat-conducting member 1n a heat trans-
terable manner.

According to the aspect of the invention, since the fin-like
portion 1s provided as a body separate from the heat-conduct-
ing member, the shape of the fin-like portion may be selected
with less limitation and flexibility 1n the designing the fin-like
portion can be enhanced as compared with an arrangement
where the outer surface of the heat-conducting member 1s
formed 1nto a fin-like shape to serve as the fin-like portion.

A projector according to an aspect of the nvention
includes: a light source device; an optical device that modu-
lates a light beam irradiated from the light source device 1n
accordance with 1mage information; and a projection optical
device that projects the light beam modulated by the optical
device. The optical device includes: an optical element opti-
cally converting an incident light beam and emitting the con-
verted light beam; and a heat pipe of which outer surface 1s
connected with the optical element 1n a heat transierable
manner to cool the optical element. The heat pipe includes: a
tube; a capillary structure provided in the tube; and a coolant
housed 1n the tube, the coolant circulating 1n the tube to
transier heat in the heat pipe. A fin-like portion for heat-
releasing 1s provided on the outer surface of the heat pipe.

The optical element may include an optical element body
such as an optical modulating element, an incident-side polar-
izer, an 1rradiation-side polarizer and the like and a holder
frame holding the optical element body or may only have the
optical element body with no holder frame.

The capillary structure may be provided 1n various forms,
which includes extra-fine line wick of a plurality of fine
copper lines and the like, net-like metal mesh wick, groove-
wick 1 which a plurality of grooves are formed inside the
tube and sintered wick of powder form.

According to the aspect of the invention, the outer surface
of the heat pipe 1s connected with the optical element 1n a
heat-transferable manner. Accordingly, as compared with a
related-art arrangement, the heat pipe 1s directly connected
with the optical element without interposition of air, heat-
resistance on the heat transier passage from the optical ele-
ment to the heat pipe can be lowered.
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On the outer surface of the heat pipe, the fin-like portion for
releasing heat 1s provided. Accordingly, the heat absorbed by
the evaporating portions of the heat pipe from the optical
clement 1s released to the outside via the fin-like portion.
Hence, a sulficient heat releasing area can be obtained 1n the
heat pipe to ensure excellent heat releasing characteristics of
the heat pipe, so that the temperature of the condensing por-
tions located apart from the evaporating portions can be low-
ered. Specifically, a temperature difference between the
evaporating portions and the condensing portions of the heat
pipe can be set large, thereby increasing the heat transfer rate
in the tube.

Hence, the optical element can be elfficiently cooled to
prevent temperature rise 1n the optical element, so that ther-
mal degradation of the optical element can be eificiently
avoided.

The projector according to the aspect of the mvention, the
heat pipe may have an I-shape 1n plan view.

According to the aspect of the invention, since the heat pipe
has the I-shape in plan view, no processing such as bending
the heat pipe 1s required, the optical element can be efficiently
cooled by a simply-structured heat pipe.

Further, the heat pipe has the I-shape in plan view and 1s
adapted to have a length substantially the same as the outer
dimension of the optical element (the longitudinal dimension
and the lateral direction) and to be connected with the outer
surface of the optical element, the size of the optical device
can be compact even when the heat pipe 1s attached to the
optical element, thereby contributing to downsizing of the
optical device.

The projector according to the aspect of the mnvention, the
heat pipe may have a U-shape 1n plan view which i1s formed by
a base end extending 1n a predetermined direction and a pair
of extending portions extending from both ends of the base
end 1n a direction substantially orthogonal to the extending
direction of the base end. An outer surface of an outer side of
the U-shape of one of the pair of extending portions may be
connected with the optical element 1n a heat transierable
manner.

According to the aspect of the invention, the heat pipe has
the U-shape 1n plan view having the base end and the pair of
extending portions and the outer surface of the outer side of
the U-shape of one of the pair of extending portions 1s con-
nected with the optical element 1n a heat transferable manner.
Accordingly, by connecting the heat pipe to a side extending
in a self-weight direction (vertical direction) out of the sides
of the optical element, the length 1n the vertical direction (the
thickness) of the projector on which the optical device 1s
mounted will not be large on account of the heat pipe. When
the optical device 1s housed 1n the projector, the heat pipe can
be easily located 1n a gap between components in the projec-
tor, thereby avoiding increase in size of the projector. In
addition, the heat pipe has the above-described shape and
connecting structure, so that the length of the heat pipe can be
large while avoiding 1ncrease 1n size of the projector 1n order
to 1increase a heat-releasing area of the heat pipe and a tem-
perature difference of the evaporating portions and the con-
densing portions, thereby increasing the heat transfer rate in
the tube.

The projector according to the aspect of the mnvention, the
fin-like portion may include a first fin-like portion provided
on the outer surface of an 1nner side of the U-shape of the heat
pipe and a second fin-like portion provided on the outer
surface of the outer side of the U-shape of the heat pipe.

According to the aspect of the mnvention, since the fin-like
portion includes the first fin-like portion provided on the outer
surface of the inner side of the U-shape of the heat pipe and
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the second fin-like portion provided on the outer surface of
the outer side of the U-shape of the heat pipe, a suill

icient heat
releasing area can be obtained while preventing increase in
s1ze ol the optical device on account of to the fin-like portion
provided on the heat pipe.

In the projector according to the aspect of the invention, the
heat pipe may have a ring shape, and an outer surface of an
outer side of the ring shape may be connected to the optical
clement 1n a heat transferable manner.

According to the aspect of the invention, the heat pipe has
a ring shape and the outer surface of the heat pipe of the outer
side of the ring shape 1s connected with the optical element 1n
a heat-transferable manner. Accordingly, by connecting the
heat pipe to a side extending in a selt-weight direction (ver-
tical direction) out of the sides of the optical element, the
length of the heat pipe can be set large while avoiding increase
in size of the projector as described above, so that a heat-
releasing area of the heat pipe can be increased and a tem-
perature difference of the evaporating portions and the con-
densing portions can be increased, thereby increasing the heat
transier rate 1n the tube.

Further, by forming and connecting the heat pipe 1n the
above-described manner, at least a part of the connecting
portion of the heat pipe to be connected with the optical
clement functions as the evaporating portion and the portions
on the sides spaced from the evaporatmg portion function as
the condensmg portions. Accordingly, since the heat pipe has
the ring shape, two reflux passages for coolant 1n the tube can
be provided between the evaporating portions and the con-
densing portion 1n the heat pipe, thereby increasing the heat
transier rate 1n the tube.

In the projector according to the aspect of the invention, the
fin-like portion may include a first fin-like portion provided
on the outer surface of an inner side of the ring shape of the
heat pipe and a second fin-like portion provided on the outer
surface of the outer side of the ring shape of the heat pipe.

According to the aspect of the imnvention, since the fin-like
portion includes the first fin-like portion provided on the outer
surface of the inner side of the ring shape of the heat pipe and
the second fin-like portion provided on the outer surface of
the outer side of the ring shape of the heat pipe, a sufficient
heat releasing area can be obtained while preventing increase
in size of the optical device due to the fin-like portion pro-
vided on the heat pipe.

In the projector according to the aspect of the invention, the
heat pipe may have a U-shape in plan view which 1s formed by
a base end extending 1n a predetermined direction and a pair
of extending portions extending from both ends of the base
end 1n a direction substantially orthogonal to the extending
direction of the base end, and the pair of extending portions of
the heat pipe are connected to the mutually-opposing sides of
the optical element 1n a heat transferable manner.

According to the aspect of the invention, the heat pipe 1s
formed 1n the U-shape in plan view including the base end and
the pair of extending portions and the pair of extending por-
tions of the heat pipe are connected to the mutually-opposing
sides of the optical element 1n a heat transierable manner. In
other words, at least a part of the pair of extending portions
functions as the evaporating portion and the sides spaced
from the evaporating portion (for example, the base end) of
the heat pipe function as the condensing portions. Accord-
ingly, as compared with an arrangement where, for instance,
the heat pipe 1s connected with only one of the sides of the
optical element 1n a heat-transferable manner, a plurality of
(for example, two) coolant reflux passages can be provided in
the tube between at least the one evaporating portion of the
extending portions and the condensing portions located apart
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from the evaporating portions, so that a heat transfer rate 1n
the tube can be increased. To efficiently cool the optical
clement, for example, an arrangement where the heat pipes 1n
the above-described I-shape are connected to the mutually-
opposing sides of the optical element in a heat-transferable
manner 1s concervable. In the arrangement according to the
invention, the optical element can be efficiently cooled by
only one heat pipe, so that the structure of the optical device
can be simplified to reduce the cost of the optical device.

In the projector according to the aspect of the invention, the
fin-like portion may be provided on each of outer surfaces of
the pair of extending portions.

According to the aspect of the imvention, suificient heat
releasing area can be obtained on account of the two fin-like
portions provided on the outer surfaces of the pair of extend-
ing portions of the heat pipe.

In the projector according to the aspect of the invention, the
heat pipe may have bend-forming portions 1 which distal
ends of the pair of extending portions are bent away from each
other and further bent to extend so as to respectively face the
pair of extending portions.

According to the aspect of the invention, the heat pipe 1s
formed 1n a shape including the base end, the pair of extend-
ing portions and the bend-forming portion. Accordingly, as
compared with an arrangement where, for example, two heat
pipes having U-shape in plan view are provided and the outer
surface of the outer side of the U-shape of one of the pair of
extending portions 1s connected with the optical elementin a
heat-transferable manner, these two heat pipes being con-
nected to the mutually-opposing sides of the optical element
in a heat-transferable manner, the optical element can be
eiliciently cooled by only one heat pipe, so that the structure
of the optical device can be simplified to reduce the cost of the
optical device.

In the projector according to the aspect of the invention, the
fin-like portion may include first fin-like portions provided on
outer surfaces of an mnner side of a U-shape formed by the pair
of extending portions and the bend-forming portions and
second fin-like portions provided on the outer surfaces of an
outer side of the U-shape formed by the pair of extending
portions and the bend-forming portions.

According to the aspect of the invention, since the fin-like
portion includes the first fin-like portions provided on the
outer surface of the inner side of the U-shape formed by the
pair of extending portions and the bend-forming portion and
the second fin-like portions provided on the outer surface of
the outer side of the U-shape formed by the pair of extending
portions and the bend-forming portion, suificient heat releas-
ing area can be obtained while preventing increase in size of
the optical device on account of the fin-like portions provided
on the heat pipe.

In the projector according to the aspect of the invention, the
optical device may include: a color-combining projector in a
rectangular shape 1n plan view that includes three light-inci-
dent-side surfaces on which the light beam 1s respectively
incident and a light-emitting-side surface from which the
light beam 1s 1rradiated, the color-combining projector emit-
ting the incident light beams after being combined. Three of
the optical element may be respectively provided on the three
light-beam 1ncident side surfaces so as to enclose the color-
combining projector. A plurality of the heat pipes may be
provided and connected to respective sides of the three optical
clements 1n a heat transferable manner at positions corre-
sponding to the four corners of the rectangular shape in plan
view of the color-combining projector. The fin-like portions
provided on the plurality of the heat pipes may extend in
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diagonal directions of the rectangular shape 1n plan view of
the color-combining projector.

According to the aspect of the mnvention, a plurality of the
heat pipes are provided and connected 1n a heat-transierable
manner with the sides of the optical elements attached on the
light-incident-side surfaces of the color-combining projector,
the sides corresponding to the four corners of the rectangular
shape 1n plan view of the color-combining projector. The
fin-like portions provided on the plurality of the heat pipes
extend 1n diagonal directions of the rectangular shape 1n plan
view of the color-combining projector. Accordingly, when the
optical device 1s assembled, the fin-like portions provided to
the heat pipe do not mechanically intertere with each other, so
that the size of the fin-like portions can increased. Hence, the
heat releasing area of the heat pipe can be increased, so that a
temperature difference between the evaporating portion and
the condensing portions can be set even larger, thereby further
increasing the heat transfer rate 1n the tube. Therefore, the
optical element can be efficiently cooled while maintaining
the compact size of the optical device that 1s integrally con-
stituted by the three optical elements, the color-combining
projector and the plurality of the heat pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 1 schematically shows an arrangement of a projector
of a first exemplary embodiment;

FIG. 2 schematically shows an arrangement of an optical
device body of the first exemplary embodiment;

FIG. 3 schematically shows the arrangement of the optical
device body of the first exemplary embodiment;

FI1G. 4 A schematically shows an arrangement of an optical
modulator of the first exemplary embodiment;

FIG. 4B schematically shows the arrangement of the opti-
cal modulator of the first exemplary embodiment;

FI1G. 5 1s a perspective view showing a connecting structure
ol a heat-conducting member to the optical modulator of the
first exemplary embodiment;

FIG. 6 1s a perspective view showing a structure of a heat-
conducting member and a connecting structure of the heat-
conducting member and an optical modulator of a second
exemplary embodiment;

FI1G. 7 1s a perspective view showing a structure of a heat-
conducting member and a connecting structure of the heat-
conducting member and an optical modulator of a third exem-
plary embodiment;

FIG. 8 1s a cross section schematically showing the struc-
ture of the heat-conducting member of the third exemplary
embodiment;

FIG. 9A 1s a perspective view showing a structure of a
heat-conducting member and a connecting structure of the
heat-conducting member and a liquid crystal panel of a fourth
exemplary embodiment;

FIG. 9B 1s a perspective view showing the structure of the
heat-conducting member and the connecting structure of the
heat-conducting member and the liquid crystal panel of the
fourth exemplary embodiment;

FI1G. 10A shows the structure of the heat-conducting mem-
ber and the connecting structure of the heat-conducting mem-
ber and the liguid crystal panel of the fourth exemplary
embodiment;
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FIG. 10B shows the structure of the heat-conducting mem-
ber and the connecting structure of the heat-conducting mem-
ber and the liquid crystal panel of the fourth exemplary
embodiment;

FIG. 11 shows a modification of the first exemplary
embodiment;

FIG. 12 shows another modification of the first exemplary
embodiment;

FIG. 13 A shows a modification of the aforesaid exemplary

embodiments;

FIG. 13B shows another modification of the aforesaid
exemplary embodiments;

FIG. 14 schematically shows an arrangement of an optical
device body of a fifth exemplary embodiment;

FIG. 15 schematically shows the arrangement of the opti-
cal device body of the fifth exemplary embodiment;

FIG. 16 1s a perspective view showing a connecting struc-
ture of a heat pipe to an optical modulator of the fifth exem-
plary embodiment;

FIG. 17 1s a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of a sixth exemplary embodiment;

FIG. 18 1s an exploded perspective view showing a con-
necting structure of the heat pipe and a fin-like portion of the
sixth exemplary embodiment;

FIG. 19 1s a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of a seventh exemplary embodiment;

FIG. 20 1s an illustration for describing an extending direc-
tion ol a heat releasing member of the seventh exemplary
embodiment;

FIG. 21 1s a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of an eighth exemplary embodiment;

FIG. 22 15 a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of a ninth exemplary embodiment;

FIG. 23 1s an 1llustration for describing extending direc-
tions of a base end, a fin-like portion and a heat releasing plate
of the ninth exemplary embodiment;

FIG. 24 1s a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of a tenth exemplary embodiment;

FIG. 25 1s a perspective view showing a structure of a heat
pipe and a connecting structure of the heat pipe and an optical
modulator of an eleventh exemplary embodiment;

FIG. 26 shows a modification of the sixth exemplary
embodiment; and

FIG. 27 shows another modification of the sixth exemplary
embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENT(S)

First Exemplary Embodiment

A first exemplary embodiment of the mvention will be
described below with reference to the drawings.

Outline of Arrangement of Projector

FIG. 1 schematically shows an arrangement of a projector
1.

The projector 1 modulates a light beam 1rradiated from a
light source 1n accordance with image information to form a
color image (an optical image) and projects the color image
on a screen (not shown) 1n an enlarged manner. As shown 1n
FIG. 1, the projector 1 includes a substantially rectangular-
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parallelepiped exterior casing 2, a projection lens 3 (a projec-
tion optical device), an optical unit 4 and the like.

Although not specifically shown in FIG. 1, a power unit for
supplying power to components 1n the projector 1, a cooling
unit havmg a cooling fan and the like for cooling the inside of
the projector 1, a control device and the like for controlling
the components 1n the projector 1 are disposed 1n a space not
occupied by the projection lens 3 and the optical unit 4 1n the
exterior casing 2.

The projection lens 3 1s a lens set including a plurality of
lenses housed 1n a cylindrical barrel. The projection lens 3
projects the color image formed by the optical unit 4 on a
screen 1n an enlarged manner.

Details of Arrangement of Optical Unit

As shown 1 FIG. 1, the optical unit 4, which forms the
color image (1mage light) 1n accordance with image informa-
tion under the control of the control device, extends from a
front side to arear side of the exterior casing 2, bends atan end
in the extending direction to further extend and bends again
toward the front side to extend, thereby forming a substan-
tially U-shape 1in plan view. As shown 1n FIG. 1, the optical
unit 4 includes a light source device 41, an integrator 11lumi-
nating optical device 42, a color separating optical device 43,
a relay optical device 44, an optical device 45 and an optical
component casing 46.

The light source device 41 aligns a light beam 1rradiated
from a light source lamp 411 1n a predetermined direction to
irradiate the light, thereby 1lluminating the optical device 45.
As shown 1n FIG. 1, the light source device 41 includes the
light source lamp 411 and a reflector 412.

As the light source lamp 411, a halogen lamp, a metal
halide lamp or a high-pressure mercury lamp 1s often used.

The reflector 412 1s a parabolic reflector that substantially
collimates the light beam 1rradiated from the light source
lamp 411 and reflects the light. Instead of employing the
parabolic reflector, the reflector 412 may be an ellipsoidal
reflector that 1s used 1n combination with a collimating lens to
reflect the light beam 1rradiated from the light source lamp
411 to a predetermined position.

The integrator 1lluminating optical device 42 1s an optical
system that splits the light beam irradiated from the light
source device 41 1nto a plurality of partial light beams and
equalizes 1n-plane 1lluminance of an illumination area. As
shown 1n FIG. 1, the integrator 1lluminating optical device 42
includes a first lens array 421, a second lens array 422, a
polarization converter 423, a reflecting mirror 424 and a
superposing lens 425.

The first lens array 421 functions as a light-beam-splitting
optical element that splits the light beam irradiated from the
light source device 41 into a plurality of partial light beams.
The first lens array 421 includes a plurality of small lenses
aligned 1n a matrix in a plane orthogonal to an 1llumination
optical axis A.

The second lens array 422 1s an optical element that con-
denses the plurality of partial light beams split by the first lens
array 421. Sumilarly to the first lens array 421, the first lens
array 421 includes a plurality of small lenses aligned 1n a
matrix in a plane orthogonal to the 1llumination optical axis A.

The polarization converter 423 1s a polarization converter
that aligns polarization directions of the plurality of partial
light beams split by the first lens array 421 to form linear
polarized light in a substantially uniform direction.

Although not shown, the polarization converter 423 has an
alternate arrangement of polarized-light separating films and
reflecting films that are inclined relative to the 1llumination
optical axis A. The polarized-light separating films transmuit
one of P polarized light beam and S polarized light beam
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which are contained 1n a partial light beam and reflect the
other polarized light. The retlected polarized light beam 1s
bent by the reflecting films and 1rradiated 1n an 1rradiation
direction of the one of the P and S polarized light beams (1n a
direction along the 1llumination optical axis A). Some of the
thus-rradiated polarized light beams are converted by aphase
plate provided on a light beam emitting surface of the polar-
ization converter 423, so that the polarization direction of
substantially all of the polarization light beams are aligned.
Using the polarization converter 423, the light beams 1rradi-
ated from the light source device 41 can be aligned 1nto the
polarized light beams 1n a substantially uniform direction, so
that utilization efliciency of light source light of the optical
device 45 can be enhanced.

The superposing lens 425 1s an optical element that con-
denses the plurality of partial light beams having passed
through the first lens array 421, the second lens array 422, the
polarization converter 423 and the reflecting mirror 424 to
superpose the condensed light on 1image formation areas of
later-described three liquid crystal panels of the optical
device 45.

As shown 1n FIG. 1, the color separating optical device 43
includes two dichroic mirrors 431, 432 and a reflecting mirror
433 and has a function of separating the plurality of partial
light beams 1rradiated from the integrator 1lluminating optical
device 42 into three colors of light (red light (R), green light
(G) and blue light (B)) by using the dichroic mirrors 431, 432.

The dichroic mirrors 431, 432 are an optical element that
includes a wavelength-selecting film for reflecting a light
beam 1n a predetermined wavelength range onto a substrate
and transmitting a light beam 1n the other wavelength ranges.
The dichroic mirror 431 disposed on an upstream side on an
optical path retlects the blue light and transmaits the red and
green light. The dichroic mirror 432 disposed on a down-
stream side on the optical path reflects the green light and
transmits the red light.

The relay optical device 44 includes an incident-side lens
441, arelay lens 443 and retlecting mirrors 442, 444 as shown
in FIG. 1 and has a function of relaying the red light having
passed the dichroic mirrors 431, 432 of the color separating
optical device 43. Note that the reason why the relay optical
device 44 1s provided on an optical path of the red light 1s to
prevent a reduction 1n light utilization efficiency caused by
light dispersion and the like due to a longer optical path of the
red light. Although the first exemplary embodiment has such
an arrangement since the red light has a longer optical path,
another arrangement can be employed, where the blue light
has a longer optical path and the relay optical device 44 1s
used on the optical path of the blue light.

The blue light separated by the above-mentioned dichroic
mirror 431 1s bent by the reflecting mirror 433 and supplied to
the optical device 45 via a field lens 426. The green light
separated by the dichroic mirror 432 1s directly supplied to the
optical device 45 via the field lens 426. The red light 1s
condensed and bent by the lenses 441, 443 and the reflecting
mirrors 442, 444 of the relay optical device 44 to be supplied
to the optical device 45 via the field lens 426. Note that the
field lens 426 1s provided for each of the colors to convert the
partial light beams 1rradiated from the second lens array 422
into light beams collimated to a main light beam of the partial
light beams, the field lens 426 being disposed on an upstream
side on the optical path of each color light.

The optical device 45 modulates an incident light beam 1n
accordance with image information to form a color 1image. As
shown 1n FIG. 1, the optical device 45 includes three optical
modulators 451 (optical elements) each having a liquid crys-
tal panel 4511 (an optical modulating element (an optical
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clement body, see FIG. 2, FIG. 3) (an optical modulator 451R
on a red color side, an optical modulator 451G on a green
color side and an optical modulator 451B on a blue color
side), incident-side polarizers 452 disposed on the upstream
of the respective optical modulators 451, viewing angle com-
pensators 453 disposed on the downstream of the respective
optical modulators 451, irradiation-side polarizers 454 and
cross dichroic prisms 455 (color-combining projectors). The
optical modulator 451, the viewing angle compensators 453,
the wrradiation-side polarizers 454 and the cross dichroic
prisms 455 out of the components 451 to 4535 are integrated to
constitute an optical device body 45A (see FI1G. 2). Details of
the optical device body 45A will be described later. Note that
the optical device body 45A may be integrally constituted by
the components 451 and 453 to 455 and the incident-side
polarizers 452.

The three mncident-side polarizers 452 only transmit polar-
1zed light having substantially the same polarization direction
as that of the light aligned by the respective polarization
converters 423 out of the color light separated by the color
separating optical device 43 and absorb the other light beams.
The 1incident-side polarizers 452 each include a polarization
film adhered on a light-transmissive substrate.

The liquid crystal panels 4511 of the three optical modu-
lators 451 each include a pair of substrates 4511A, 45118
(see FIGS. 10A and 10B) made of glass or the like and formed
in a rectangle n plan view and liquid crystal (electrooptic
materal ) sealed therebetween. The substrate 4511 A 1s adnive
substrate for driving the liquid crystal which includes a plu-
rality of data lines aligned in parallel to each other, a plurality
of scan lines aligned 1n a direction orthogonal to that of the
plurality of data lines, picture electrodes arranged 1in a matrix
at locations correspondence to intersections of the scan lines
and the data lines, a switching element such as a TFT (Thin
Film Transistor) or the like and a driving portion for driving
the switching element. The substrate 4511B i1s a opposing,
substrate disposed at a predetermined position from the sub-
strate 4511A and has a common electrode on which a prede-
termined voltage Vcom 1s applied. The substrates 4511A,
4511B are connected with an FPC cable 4511C (a circuit
substrate) that 1s 1n an electrical connection with the control
device and outputs a predetermined drive signal to the scan
lines, the data lines, the switching element, the common
clectrode and the like. By mputting the drive signal from the
control device via the FPC cable 4511C, a voltage 1s applied
between a predetermined picture electrode and the common
clectrode and an orientation of the liquid crystal interposed
between the picture electrode and the common electrode 1s
controlled to modulate the polarization direction of the polar-
1zed light beam 1rradiated from the incident-side polarizer
452.

An outer profile of the drive substrate 4511A of the liquad
crystal panel 4511 1s set larger than that of the opposing
substrate 4511B (see FIGS. 10A and 10B). In other words, the
liquid crystal panel 4511 has a shape 1n which the outer profile
becomes smaller toward the light incident side to form a
step-like portion.

A thermally-conductive dust-proof glass 4511D having
substantially the same outer profile as that of the drive sub-
strate 4511A (FIGS. 10A and 10B) 1s adhered on an outer
surface of the drive substrate 4511 A. Similarly, a thermally-
conductive dust-proof glass 4511E (FIGS. 10A and 10B)
having substantially the same outer profile as that of the
opposing substrate 45118 1s adhered on an outer surface of
the opposing substrate 4511B. Accordingly, even when dust
sticks on the outer surface of the liquid crystal panel 4511, the
dust-proof glasses 4511D, 4511E prevent the dust from stick-
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ing on a focus position, so that the shadow of the dust will not
be displayed on a projection 1image.

The three viewing angle compensators 453 are respectively
disposed on the optical paths on the downstream of the optical
modulators 451. The viewing angle compensators 453 each
include a light-transmissive substrate 4531 having a rectan-
gule 1n plan view and an optical compensating-film 4532
adhered on the substrate 4531 (see FIG. 3).

In the first exemplary embodiment, the light-transmissive
substrate 4531 1s made of a thermally-conductive material
such as crystal or sapphire.

The optical compensating-film 4532 compensates a phase
difference generated between an ordinary ray and an extraor-
dinary ray due to a birefringence on the liquid crystal panel
4511 to improve visibility characteristics of the liquid crystal
panel 4511. The optical compensating-film 4532 1s an optical
anisotropic body having a negative umaxiality and an optical
axis 1s directed 1n a predetermined direction in a plane of the
f1lm 4532 with an inclination of a predetermined angle in an
out-plane direction.

The optical compensating-1ilm 4532 may be provided by
forming a discotic compound layer on a transparent support-
ing body (such as TAC: Toly Acctate) with an oriented film
interposed. For example, a WV film manufactured by FUII-
FILM Corporation may be employed as the optical compen-
sating-11lm 43532.

The three irradiation-side polarizers 454 have substantially
the same function as the incident-side polarizers 452 which
transmit polarized light 1n a certain direction out of the light
beams 1rradiated via the liquid crystal panels 4511 and the
viewing angle compensators 433 and absorb the other light
beams. As shown in FIG. 1, the irradiation-side polarizer 454
includes a first irradiation-side polarizer 4541 disposed onthe
light mncident side and a second irradiation-side polarizer
4542 disposed on the light emitting side. Similarly to the
incident-side polarizers 452, the first 1irradiation-side polar-
izer 4541 and the second 1rradiation-side polarizer 4542 are
formed by adhering a polarization film 4542B (FIG. 3)
respectively on a light-transmissive substrate 4541 A, 4542 A
(FIG. 3) 1n a rectangule i plan view. Note that the polariza-
tion film 4542B 1s not shown 1n FIG. 3 since the polarization
film 1s adhered on a light-emitting-side surface of the light-
transmissive substrate 4541A of the first mrradiation-side
polarizer 4541. In the first exemplary embodiment, similarly
to the light-transmissive substrates 4531 of the viewing angle
compensators 453, the light-transmissive substrates 4541A,
4542 A are made of a thermally-conductive material such as
crystal and sapphire.

The first irradiation-side polarizer 4541 and the second
irradiation-side polarizer 4542 have different light-absorbing
characteristics and are disposed with polarization axes
thereof aligned 1n parallel. By forming the irradiation-side
polarizer 454 by two components, heat absorbed by the 1rra-
diation-side polarizer 454 can be proportionally split by the
two components, so that thermal degradation of the 1rradia-
tion-side polarizer 454 can be prevented more efficiently as
compared with an arrangement where the irradiation-side
polarizer 454 1s formed by only one component.

The first irradiation-side polarnizer 4541 and the second
irradiation-side polarizer 4542 are disposed such that the
polarization axes thereol are in parallel to each other and
substantially orthogonal to a polarization axis of the incident-
side polarizer 452.

The cross dichroic prism 4355 combines the color light that
1s wrradiated from the irradiation-side polarizers 454 and
modulated for each color, thereby forming a color image. The
cross dichroic prism 4535 1s substantially square 1n plan view
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with four right-angle prisms adhered with each other. Dielec-
tric multi-layered films are formed on the boundaries of the
right-angle prism. The dielectric multi-layered films transmit
the color light that 1s irradiated from the optical modulator
451G and passes through the viewing angle compensator 453
and the 1rradiation-side polarizer 454 and reflects the color
light that 1s wrradiated from the optical modulators 451R,
451B and passes through the viewing angle compensators
4353 and the 1rradiation-side polarizers 454. Thus, the color
light 1s combined 1nto a color image. The color image formed
by the cross dichroic prism 4355 is projected by the above-
mentioned projection lens 3 in an enlarged manner onto a
screen.

The optical component casing 46 1s a member that 1s dis-
posed at a predetermined position relative to the 1llumination
optical axis A and houses the optical components 41 to 45.
Although not specifically shown, the optical component cas-
ing 46 mncludes a container-like component-housing for hous-
ing the optical components 41 to 45 and a lid member for
closing an opening of the component-housing.

Details of Arrangement of Optical Device Body

FIGS. 2 and 3 schematically show an arrangement of the
optical device body 45A. Specifically, FIG. 2 1s a perspective
view ol the optical device body 45A when seen from the
optical modulator 451G side. FIG. 3 1s an exploded perspec-
tive view ol the optical device body 45A. In FIG. 3, the optical
modulator 451G side of the optical device body 45 A 1s shown
in an exploded manner. However, the sides of the optical
modulators 451R, 451B are also arranged 1n the same man-
ner.

The optical device body 45 A 1ncludes the above-described
optical modulators 451, viewing angle compensators 453,
irradiation-side polarizers 454 and cross dichroic prism 4535
as well as a supporting structure body 4356, three optical-
clement holders 457 and three heat-conducting members 458.
The components 451 and 453 to 458 are integrally provided.

As shown 1n FIG. 2 or 3, each of the three irradiation-side
polarizers 454 has an arrangement where the second 1rradia-
tion-side polarizer 4542 1s fixed with an adhesive or the like
on a light-incident-side surface of the cross dichroic prism
4355 with the polarization film 4542B facing the light emitting
side.

As shown 1n FIG. 2 or 3, the optical modulators 451 each
include the above-described liquid crystal panel 4511 and a
holder frame 4512 for holding the liquid crystal panel 4511.

FIGS. 4A and 4B schematically show an arrangement of
the optical modulator 451. Specifically, FI1G. 4 A 1s a perspec-
tive view of the optical modulator 451 when seen from the
light incident side. FIG. 4B 1s a perspective view of the optical
modulator 451 when seen from the light emitting side. Note
that, 1n FIGS. 4A and 4B, an optical axis of a light beam
irradiated from the optical modulator 451 1s defined as Z-axis
and two axes orthogonal to Z-axis are defined as X-axis
(horizontal axis) and Y-axis (vertical axis) for convenience for
description.

It should be noted that, in the description below, following,
definitions will be used. The direction toward the left in the
figures along X-axis 1s defined as +X direction. The direction
toward the right in the figures along X-axis 1s defined as —X

direction. The direction toward the top 1n the figures along
Y-axis 1s defined as +Y direction. The direction toward the

bottom 1n the figures along Y-axis 1s defined as —Y direction.

The direction toward the right 1n the figures along Z-axis 1s
defined as +7 direction. The direction toward the left in the

figures along Z-axis 1s defined as —Z direction.
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A surface facing +X direction of each component 1s defined
as +X side. A surface facing —X direction thereot 1s defined as
—-X side. In the same manner, =Y sides and +7 sides of a
component are defined.

The holder frame 4512 1s a member for housing and hold-
ing the liquid crystal panel 4511. As shown 1n FIGS. 4A and
4B, the holder frame 43512 includes a holder frame body
4512 A disposed on the light incident side and formed 1n a
rectangule in plan view and a light-shielding plate 45128
disposed on the light emitting side and formed 1n a rectangule
in plan view.

As shown 1n FIG. 4A, the holder frame body 4512 A has an
opening 4512 A1 substantially at the center thereot, the open-
ing 4512A1 corresponding to an 1image formation area of the
liquid crystal panel 4511.

Although not specifically shown, a dented portion corre-
sponding to the outer profile (the step-like portion) and hous-
ing the liquid crystal panel 4511 1s provided around a periph-
ery of the opening 4512A1 on the light emitting side of the
holder frame body 4512A.

In FIGS. 4A and 4B, at the four corners of the holder frame
body 4512A, fixing holes 4512A2 for fixing the optical
modulator 451 to the optical-element holder 457 penetrate the
holder frame body 4512A from a light-incident-side surface
to a light-emitting-side surface.

A dented portion 4512 A3 dented toward an upper side (+Y
side) 1n a U-shape 1n plan view 1s formed at a portion between
the two fixing holes 4512A2 on a lower side (=Y side) of the
holder frame body 4512A.

As shown 1n FIGS. 4A and 4B, dented portions 4512A4
having a rectangular shape 1n plan view are formed substan-
tially at the center (in'Y direction) of +X and -X sides (right
and lett sides) of the holder frame body 4512A. As shown 1n
FIGS. 4A and 4B, a hook 4512AS to be connected with the
light-shielding plate 4512B 1s formed in a bottom portion of
the dented portion 4512A4.

As shown 1n FIG. 4B, the light-shielding plate 4512B 1s a
rectangular plate body fixed to the holder frame body 4512 A
on the light emitting side, the light-shielding plate 45128
having an opening 4512B1 substantially at the center thereof
in correspondence with the image formation area of the liquid
crystal panel 4511. The light-shielding plate 4512B prevents
malfunction of the liquid crystal panel 4511 that may be
caused by the light transmitted through the liqud crystal
panel 4511 and reflected by the viewing angle compensator
453, the wrradiation-side polarizer 454, the cross dichroic
prism 4355 and the like onto a driver of the liquid crystal panel
4511.

As shown 1n FIGS. 4A and 4B, a hook engaging portion
4512B2 that has a shape in plan view substantially the same as
the dented portion 4512 A4 of the holder frame body 4512A
and 1s engaged with the hook 4512AS5 of the holder frame
body 4512A 1s formed substantially at the center (1n'Y direc-
tion) of +X and —X sides of the light-shielding plate 4512B.
By engaging the hook engaging portion 4512B2 with the
hook 4512AS5, the light-shielding plate 4512B 1s fixed to the
holder frame body 4512A.

As described above, when the light-shielding plate 45128
1s {ixed to the holder frame body 4512A, £X sides of the
holder frame body 4512A (surfaces excluding the dented
portions 4512A4) are substantially in flush with outer sur-
faces of the hook engaging portions 4512B2 of the light-
shielding plate 4512B, so that £X sides 4512C, 4512D of the
holder frame 4512 are flat and parallel to YZ plane. The £X
sides 4512C, 4512D serve as optical-element-side connect-
ing portions to which the heat-conducting member 458 1s
connected.
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The above-described holder frame 4512 1s made of a ther-
mally-conductive materal.

The thermally-conductive material may be, for instance,
metals including a nickel-iron alloy such as Invar™ and
42N1—Fe, amagnesium alloy, a carbon steel, a stainless steel
or resins (a polycarbonate, a polyphenylene sulfide, a liquid
crystal resin and the like) 1 which a carbon filler such as a
carbon fiber and a carbon nanotube 1s mixed. The holder

frame body 4512 A and the light-shielding plate 4512B of the

holder frame 4512 may be made of a common maternal or
different materials out of the above-mentioned materials. By
making the holder frame 4512 with the thermally-conductive
materials, heat generated on the liquid crystal panel 4511 by
irradiation of light beams can be efficiently released to the

holder frame 4512.

As shown 1n FIG. 2 or 3, the supporting structure body 456
has a substantially rectangular parallelepiped shape. The
cross dichroic prism 455 1s mounted at a predetermined posi-
tion on an upper surface of the supporting structure body 456,
thereby supporting the whole optical device body 45A.

As shown 1n FIG. 2 or 3, arm portions 4561, which extend
outward from the four corners of the supporting structure
body 456 to be connected with the component-housing of the
optical component casing 46, are provided to the supporting
structure body 456. By connecting the arm portions 4561 to
the component-housing of the optical component casing 46,
the whole optical device body 45 A 1s fixed to the component-
housing.

The three optical-element holders 457 are respectively dis-
posed between the optical modulators 451 and the cross dich-
roic prism 435. Each optical-clement holders 457 supports
the optical modulator 451, the viewing angle compensator
453 and the first irradiation-side polarizer 4541 of the irra-
diation-side polarizer 454 to fix these components to the cross
dichroic prism 455. As shown in FIG. 3, the optical-element
holder 457 includes a first support 4571 and a second support
4572.

As shown 1n FIG. 3, the first support 4571 includes a plate
portion 4571A formed substantially 1n a rectangle 1in plan
view and a projection 4571B projecting toward the light inci-
dent side from right and lett end of the plate portion 4571A.

As shown 1n FIG. 3, a rectangular (in plan view) opening,
4571 A1 for transmitting a light beam 1s formed substantially
at the center of the plate portion 4571A.

As shown 1n FIG. 3, three opemings 4571B1 aligned verti-
cally 1n a line are formed 1n the projection 4571B. As shown
in FIG. 3, the openings 4571B1 1s a rectangle 1n plan view
with long sides extending in a direction 1n which the projec-
tion 45718 projects.

The projections 4571B of the first support 4571 support the
second support 4572. A light-emitting-side surface of the
plate portion 4571 A 1s adhered, with an adhesive or the like,
to a light-incident-side surface of the light-transmissive sub-
strate 4542A with the polarization film 4542B fitted 1n the
opening 4571 A1, so that the first support 4571 1s fixed to the
second 1rradiation-side polarizer 4542 fixed on the light-in-
cident-side surface of the cross dichroic prism 455.

The second support 4572 supports and fixes the optical
modulator 451, the viewing angle compensator 453 and the

first 1rradiation-side polarizer 4541 of the wrradiation-side
polarizer 454. As shown 1n FIG. 3, the second support 4572

includes a second support body 4573 and a pair of biasing

members 4574,
As shown 1n FIG. 3, the second support body 4573 includes
a plate portion 4573 A formed in a substantially rectangular
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shape 1n plan view and a projection 4573B projecting toward
the light emitting side from right and left ends of the plate
portion 4573A.

As shown1n FIG. 3, the plate portion 4573 A 1s cut off from
alower end toward an upper side in FIG. 3, forming a U-shape
(1n plan view) cut portion 4573A1 for transmitting a light
beam.

As shown 1n FIG. 3, fixing holes 4573A2 for fixing the
optical modulator 451 are respectively formed at the four
corners of the plate portion 4573 A. The optical modulator
451 1s fixed to the second support body 4573 by connecting
the second support body 4573 with the holder frame 4512
using screws 459 (FIG. 3) mserted through a pair of fixing
holes 4573A2 located at diagonal positions out of the four
fixing holes 4573 A2 and a pair of fixing holes 4512 A2 located
at diagonal positions out of the four fixing holes 4512A2
tormed in the holder frame 4512 of the optical modulator 451.

As shown in FIG. 3, connecting portions 4573A3 that
project toward the light emitting side are provided substan-
tially at the center of right and lett sides of the plate portion
4573 A. Dastal ends 1n the projecting direction of the connect-
ing portions 4573A3 extend substantially 1n parallel to a
surface of the plate portion 4573 A and are connected with the
projections 4573B.

First position restrictors 4573 A4 are formed at corners of
an upper side of the plate portion 4573 A, the first position
restrictors 4573 Ad projecting toward the light emitting side
and abutting to an upper side of the viewing angle compen-
sator 433 supported by the second support 4572 to restrict a
vertical position of the viewing angle compensators 453.

As shown 1n FIG. 3, distal ends 4573B1 of the projections
4573B are bent substantially in parallel to the plate portion
4573 A to extend toward each other.

Second position restrictors 4573B3 are formed on lower
sides of the distal ends 4573B1 (FIG. 3) and project toward
the light emitting side to abut to a lower side of the first
irradiation-side polarizer 4541 supported by the second sup-
port 4572 to restrict a vertical position of the first irradiation-
side polarizer 4541.

As shown 1n FIG. 3, three protrusions 4573B4 are respec-
tively formed on outer surfaces of base ends 4573B2 of the
projections 45738, the three protrusions 4573B4 aligned in a
vertical direction 1n correspondence with the openings

4571B1 of the first support 4571. The protrusions 457384 are

loosely fitted 1n the openings 4571B1 when the second sup-
ports 4572 are disposed between the projections 4571B of the
first support 4571. Owing to such an arrangement, the pro-
trusions 4573B4 can be slid relative to the openings 457181
(the first support 4571). In other words, the optical modulator
451 (the liquid crystal panel 4511) fixed to the second support
4572 can be moved toward and away from the cross dichroic
prism 455 to achieve a focus adjustment.

As shown 1n FIG. 3, the pair of biasing members 4574 are
plate springs, each including a base 4574 A located at a center
portion of the biasing member 4574 and a pair of extending
portions 45748 extending obtusely from both ends of the base
4574A. The pair of biasing members 4574 are disposed
between the viewing angle compensators 433 and the first
irradiation-side polarizer 4541 with the base 4574 A abutting
to a light-emitting-side surface of the viewing angle compen-
sators 433 and with distal ends of the pair of extending por-
tions 45748 abutting to a light-incident-side surface of the
first irradiation-side polarizer 4541 to bias the viewing angle
compensators 453 and the first irradiation-side polarizer 4541

in a direction to be away from each other.
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The above-described second support 4572 supports and
fixes the viewing angle compensators 453 and the first 1rra-
diation-side polarizer 4541 as described below.

Specifically, in a space enclosed by the plate portion 4573 A
and the projections 4573B of the second support body 4573,
the viewing angle compensators 453 with the optical com-
pensating-film 4532 faced toward the light incident side, the
pair of biasing members 4574 and the first 1rradiation-side
polarizer 4541 with the polarization film faced toward the
light emitting side are disposed. In this state, the pair of
biasing members 4574 biases and pushes the viewing angle
compensators 433 toward the light incident side, so that a
light-incident-side surface of the light-transmissive substrate
4531 of the viewing angle compensators 453 abuts on a light-
emitting-side surface of the plate portion 4573 A of the second
support 4572. The pair of biasing members 4574 also biases
and pushes the first irradiation-side polarizer 4541 toward the
light emitting side, so that the light-emitting-side surface of
the light-transmissive substrate 4541A of the first irradiation-
side polarizer 4541 abuts to the distal ends of the projections
45738 of the second support 4572. As described above, the
biasing force of the pair of biasing members 4574 supports
and fixes the viewing angle compensators 433 and the first
irradiation-side polarizer 4541 to the second support 4572.

As shown 1n FIG. 2 or 3, the three heat-conducting mem-
bers 458 are respectively connected to the three optical modu-
lators 451 1n a heat-transierable manner to release heat gen-
crated on the optical modulators 451 due to the light beams
irradiated thereon. Fach heat-conducting member 458 1is
formed as a tube having capillary-tube structure (wick) and
accommodating a coolant 1n the tube, where the coolant cir-
culates within the tube to transfer the heat within the heat-
conducting member 458 (so-called heat pipe).

Although not specifically shown, the capillary structure of
the heat-conducting member 438 1s a sintered wick of powder
form. Water 1s used as the coolant herein. The capillary struc-
ture 1s not limited to sintered wick, but other wicks such as
extra-fine line wick of a plurality of fine copper lines and the
like, net-like metal mesh wick and groove-wick in which a
plurality of grooves are formed inside the tube, may be used.
The coolant 1s not limited to water, but other coolant such as
alcohol may be used.

FIG. 5 1s a perspective view showing a connecting structure
of the heat-conducting member to the optical modulator 451.
Note that, 1n FIG. 5, an optical axis of a light beam irradiated
from the optical modulator 451 1s defined as Z-axis and two
axes orthogonal to Z-axis are defined as X-axis (horizontal
axis) and Y-axis (vertical axis) for convenience for descrip-
tion.

As shown 1n FIG. 5, the heat-conducting member 438 1s
pressed to be bent into a U-shape in plan view, 1n which a base
end 458A extends 1n X direction along -Y side of the optical
modulator 451, the shape corresponding to the outer profile of
the optical modulator 451 ; a pair of extending portions 458B,
458C extends 1n Y direction along =X sides of the optical
modulator 451, and inner surfaces of the U-shape are formed
in a rectangle 1n plan view to be flat 1in parallel to YZ plane 1n
correspondence with the optical-element-side connecting
portions 4512C, 4512D of the optical modulator 451. As
shown 1n FIG. §, the heat-conducting member 458 1s formed
such that a distance (in X direction) between the pair of
extending portions 4588, 458C is substantially the same as
the outer dimension in X direction of the optical modulator
451 and a length 1n the extending direction of the pair of
extending portions 4588, 458C (in 'Y direction) 1s longer than
the outer dimension 1n'Y direction of the optical modulator

451. Opposing surfaces 45818, 4581 C of the pair of extend-
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ing portions 4388, 458C of the heat-conducting member 458
are heat-conducting-member-side connecting portions con-
nected with the optical modulator 451 1n a heat-transferable
mannet.

By fitting the optical modulator 451 1n the U-shape of the
heat-conducting members 4358 (where the end of =Y side of
the optical modulator 451 abuts the base end 438A), the
optical-clement-side connecting portions 43512C, 4512D of
the optical modulator 451 surface-contact with the heat-con-
ducting-member-side connecting portions 45818, 4581C of
the heat-conducting member 458, so that the optical modula-
tor 451 and the heat-conducting members 458 are connected
with each other 1n a heat-transferable manner. The heat-con-
ducting members 458 may be connected with the optical
modulator 451 by connecting the optical-element-side con-
necting portions 4512C, 4512D with the heat-conducting-
member-side connecting portions 45818, 4581C by solder-
ing, welding, adhering with a thermally-conductive adhesive
and the like. By employing such an arrangement, even a
microlevel non-contacting portion caused on account of sur-
face roughness between the optical-element-side connecting
portions 4512C, 4512D and the heat-conducting-member-
side connecting portions 45818, 4581 C can be connected 1n
a heat-transierable manner.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to wrradiation of light beams will be
described.

When the heat-conducting member 458 1s connected with
the optical modulator 451 1n a heat-transferable manner as
described above, heat generated on the liquid crystal panel
4511 due to irradiation of light beams 1s released 1n a below-
described manner.

For example, as indicated by arrows R1 in FIG. 1, the heat
generated on the liquid crystal panel 4511 moves 1 X direc-
tion to the optical-element-side connecting portions 4512C,
4512D that are connected with the heat-conducting members
458 1n a heat-transierable manner to be transierred to the
holder frame 4512.

As indicated by arrows R1 1n FIG. §, the heat transferred to
the holder frame 4512 1s transferred to substantially center
portions (1in Y direction) of the pair of extending portions
4588, 458C via the heat-conducting-member-side connect-
ing portions 45818, 4581C that are 1n a heat-transierable
connection with the holder frame 4512 of the heat-conducting
member 458.

Inside the substantially center portions (in'Y direction) of
the pair of extending portions 4388, 438C, coolant 1s heated
by the transterred heat to be evaporated and gasified, where
the heat 1s absorbed as latent heat (vaporization heat). Spe-
cifically, the substantially center portions (in Y direction) of
the pair of extending portions 4588, 458C function as evapo-
rating portions 45382A, 45828 of the heat-conducting mem-
bers 458.

As indicated by the arrows R1 i FIG. 3, the vaporized
coolant forms vapor flow and moves to low-temperature sides
(sides located apart from the evaporating portions 4582A,
4582B: distal ends of the pair of extending portions 458B,
458C and the base end 458 A). The coolant having moved to
the distal ends of the pair of extending portions 4588, 458C
and the base end 458A 1s cooled and liquidized to release the
heat (heat-releasing by condensed latent heat). Specifically,
the distal ends of the pair of extending portions 4588, 458C
and the base end 458A function as condensing portions
4583 A, 45838 of the heat-conducting members 4358. The
liquidized coolant by the condensing portions 4583 A, 45838
returns to the evaporating portions 4382A, 45828 through the
capillary-tube structure (wick).
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As described above and indicated by the arrows R1 1n FIG.
5, the heat generated on the liquid crystal panel 4511 moves
through a heat transier passage from the liquid crystal panel
4511 via the holder frame 4512 to the heat-conducting mem-

ber 458 and from the evaporating portions 4382A, 4582B of 5

the heat-conducting member 458 to the condensing portions
4583 A, 4583B and 4584 from which the heat 1s released to the
outside.

According to the above-described first exemplary embodi-
ment, following advantages can be obtained.

In the first exemplary embodiment, the heat-conducting
members 458 1s a heat pipe and 1s connected with the optical
modulator 451 1n a heat-transierable manner. Accordingly, as
compared with a related-art arrangement, the heat-conduct-
ing member 458 1s directly connected with the optical modu-
lator 451 without interposition of air, heat-resistance on the
heat transier passage from the optical modulator 451 to the
heat-conducting member 458 can be lowered.

The optical modulator 451 and the heat-conducting mem-
ber 458 have shapes for allowing a surface-contact of the
connecting portions (the optical-element-side connecting
portions 4512C, 4512D and the heat-conducting-member-
side connecting portions 45818, 45381C respectively). A con-
tact area between the optical modulator 451 and the heat-
conducting member 438 can be increased, thereby enhancing
heat transfer characteristics from the optical modulator 451 to
the heat-conducting member 458.

Hence, the optical modulator 451 can be efficiently cooled
to prevent temperature rise in the optical modulator 451, so
that thermal degradation of the optical modulator 451 (the
liquid crystal panel 4511) can be efficiently avoided. In other
words, such an arrangement can provide a good projection
image from the projector 1 and an increased longevity
thereol.

In addition, 1n the first exemplary embodiment, the optical
modulator 451 and the heat-conducting member 4358 are con-
nected 1n a heat-transferable manner on the respective outer
surfaces. The heat-conducting-member-side connecting por-
tions 45818, 4581C provided on the outer surface of the
heat-conducting member 458 are pressed to coincide with the
profile of the outer surface of the optical modulator 451 (the
optical-element-side connecting portions 4512C, 4512D).
Accordingly, as compared with an arrangement where an
outer surface of a heat-conducting member (e.g. a heat pipe
having a circular shape 1n plan view) serves as the heat-
conducting-member-side connecting portion and the optical-
clement-side connecting portion 1s formed to coincide with
the outer profile of the heat pipe, a structure for achieving a
surface-contact between the connecting portions of the opti-
cal modulator 451 and the heat-conducting member 458 (the
optical-element-side connecting portions 4512C, 4512D and
the heat-conducting-member-side connecting portions
45818, 4581C) can be obtained only pressing the heat-con-
ducting member 458, so that the optical modulator 451 1s
eificiently cooled and temperature rise 1n the optical modu-
lator 451 can be prevented, thereby efficiently avoiding heat
degradation of the optical modulator 451 with a simple
arrangement.

Further, 1n the first exemplary embodiment, the heat-con-
ducting member 458 i1s formed 1n the U-shape in plan view
having the base end 458 A and the pair of extending portions
458C, 453C and the heat-conducting-member-side connect-
ing portions 45818, 4581C are provided on the pair of extend-
ing portions 4588, 458C. The heat-conducting member 458
connects with the optical modulator 451 by a heat-transier-
able connection between the heat-conducting-member-side
connecting portions 43818, 4581C of the pair of extending
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portions 4588, 458C and the optical-element-side connecting
portions 4512C, 4512D. Accordingly, as compared with, for

instance, an arrangement where the heat-conducting member
(a heat pipe) 1s connected with only one of the sides of the
optical modulator 451 1n a heat-transierable manner, a plu-
rality of coolant reflux passages (four passages in the first
exemplary embodiment) can be provided 1n the tube between
the evaporating portions 4582A, 4582B (a part of the extend-
ing portion 4588, 458C) and the condensing portions 4583 A,
4583B and 4584 located apart from the evaporating portions
4582 A, 45828, so that a heat transfer rate in the tube can be
increased to elliciently cool the optical modulator 451,
thereby preventing temperature rise 1n the optical modulator
451 to efficiently avoid heat degradation of the optical modu-
lator 451. To efliciently cool the optical modulator 451, for
example, an arrangement may be employed, where two heat-
conducting members (heat pipes) connect with the optical-
clement-side connecting portions 4512C, 4512D of the opti-
cal modulator 451 1n a heat-transferable manner. However, in
the arrangement of the first exemplary embodiment, the opti-
cal modulator 451 can be elliciently cooled with only one
heat-conducting member 458, so that the structure of the
optical device body 45A can be simplified to reduce the cost
of the optical device body 45A, thereby reducing the cost of
the projector 1.

In the first exemplary embodiment, the capillary-tube
structure of the heat-conducting member 438 1s provided by a
sintered wick. Accordingly, 1t 1s not necessary to utilize the
gravity for the movement of the coolant, so that the condens-
ing portions 4583 A, 45838, 4584 and the evaporating por-
tions 4382A, 45828 can be disposed without positional limi-
tation. As an example, 1rrespective of a posture of the
projector 1 such as a normal posture, a suspended posture and
an mclined posture for adjusting a projection image position,
heat 1n the heat-conducting member 458 can be efficiently
moved, so that the optical modulator 451 can be efficiently
cooled, thereby preventing temperature rise in the optical
modulator 451 to efficiently avoid heat degradation of the
optical modulator 451.

Since the capillary-tube structure of the heat-conducting
member 458 1s formed by sintered wick, heat resistance
between the evaporating portions 4382 A, 45828 and the con-
densing portions 4583 A, 45838, 4584 can be set suiliciently
low as compared with the other wick (extra-fine line wick,
metal mesh wick, groove wick and the like) and the heat can
be efliciently transferred to the coolant by virtue of the excel-
lent heat conductivity of the wick 1tself. Accordingly, heat
transier within the heat-conducting member 438 can be more
rapidly conducted and the cooling efficiency of the optical
modulator 451 can be further improved.

Second Exemplary Embodiment

A second exemplary embodiment of the invention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described first exemplary embodiment and detailed
description thereol will be omitted or simplified.

FIG. 6 15 a perspective view showing a structure of a heat-
conducting member 358 and a connecting structure of the
heat-conducting member 558 and the optical modulator 451
according to the second exemplary embodiment. Note that, 1n
FIG. 6, an optical axis of a light beam 1rradiated from the
optical modulator 451 1s defined as Z-axis and two axes
orthogonal to Z-axis are defined as X-axis (horizontal axis)
and Y-axis (vertical axis) for convemence for description.
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As shown 1n FIG. 6, the second exemplary embodiment
differs from the first exemplary embodiment only 1n the struc-
ture of the heat-conducting member 558. The rest of the
arrangement 1s the same as the first exemplary embodiment.

The heat-conducting member 558 1s a heat pipe, which 1s
similar to the heat-conducting member 458 described 1n the
first exemplary embodiment. As shown 1n FIG. 6, the heat-
conducting member 538 1s different from the heat-conducting
member 458 shown 1n FIG. 5 1n that the distal ends of the pair
ol extending portions 43588, 458C are connected with each
other, forming a ring shape.

As shown 1n FIG. 6, the heat-conducting member 3538 1s
pressed to be bent 1into a rectangular ring shape in plan view to
coincide with the outer profile of the optical modulator 451
(to enclose an outer periphery of the optical modulator 451).
An 1nner surface of the ring shape has a rectangular cross
section, the inner surface being flat and parallel to YZ plane 1n
correspondence with the optical-element-side connecting
portions 4512C, 4512D of the optical modulator 451. As
shown 1n FIG. 6, the heat-conducting member 558 has an
in-ring 1nner length 1 X direction substantially the same as
the outer dimension in X direction of the optical modulator
451 and alength inY direction larger than the outer dimension
of Y direction of the optical modulator 451. Opposing sur-
faces 5581B, 5581C, which face each other in X direction, of
the 1n-ring inner surface of the heat-conducting member 558
serve as the heat-conducting-member-side connecting por-
tions connected to the optical modulator 451 1n a heat-trans-
terable manner.

By fitting the optical modulator 451 1nto the ring shape of
the heat-conducting member 558 (where -Y side of the opti-
cal modulator 451 abuts an mnner surface on -Y side of the
ring ol the heat-conducting member 558), the optical-¢le-
ment-side connecting portions 4512C, 4512D of the optical
modulator 451 surface-contact with the heat-conducting-
member-side connecting portions 55818, 5581C of the heat-
conducting member 358, so that the optical modulator 451
and the heat-conducting members 358 are connected with
cach other 1n a heat-transferable manner. Similarly to the first
exemplary embodiment, the heat-conducting members 558
may be connected with the optical modulator 451 by connect-
ing the optical-element-side connecting portions 4512C,
4512D with the heat-conducting-member-side connecting
portions 55381B, 5581C by soldering, welding, adhering with
a thermally-conductive adhesive and the like.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the second exem-
plary embodiment 1s substantially the same as that of the first
exemplary embodiment but has a diflerence described below.

Unlike the heat-conducting member 458 described 1n the
first exemplary embodiment, the distal ends of the pair of
extending portions 4588, 458C of the heat-conducting mem-
ber 5358 1n the second exemplary embodiment are connected
to each other, thereby forming the ring shape. Hence, as
shown 1n FIG. 6, substantially the center (1n Y direction) of
portions extending in parallel with each other in'Y direction
(the portions corresponding to the pair of extending portions
4588, 458C 1n the first exemplary embodiment) function as
evaporating portions 5582A, 5582B. Portions between the
evaporating portions 3582A, 55828 on low temperature sides
(located apart from the evaporating portions 5582A, 5582B)
function as condensing portions 5383 A, 55838, 5584, 5585
which correspond to the distal ends of the pair of extending,
portions 4588, 458C and the base end described 1n the first

exemplary embodiment and +Y side extending 1n X direction.
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As indicated by arrows R2 1n FIG. 6, heat generated on the
liquid crystal panel 4511 moves through a heat transter pas-

sage from the liquid crystal panel 4511 via the holder frame
4512 to the heat-conducting member 558 and from the evapo-
rating portions 5382A, 55828 of the heat-conducting mem-
ber 558 to the condensing portions 5583 A, 55838, 5584 and
53585 from which the heat 1s released to the outside.

According to the above-described second exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the first exemplary embodiment.

In the second exemplary embodiment, the heat-conducting,
members 558 has the ring shape enclosing the outer periphery
ol the optical modulator 451. Accordingly, the heat-conduct-
ing member 558 further has the condensing portion 5585
extending 1 X direction on +Y side 1n addition to the evapo-
rating portions 5582A, 55828 and the condensing portions
5583 A, 55838 which respectively correspond to the evapo-
rating portions 4582A, 45828 and the condensing portions
4583 A, 45838, 4584 of the heat-conducting member 458 of
the first exemplary embodiment. In other words, as compared
with the heat-conducting member 458 described 1n the first
exemplary embodiment, the heat-conducting member 558
has such enlarged heat-releasing condensing portions to
ensure a larger heat releasing area, so that temperature differ-
ence between the evaporating portions and the condensing
portions can be set large, thereby increasing a heat transier
rate in the tube. Hence, the optical modulator 451 can be more
elficiently cooled.

Third Exemplary Embodiment

A third exemplary embodiment of the mvention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described first exemplary embodiment and detailed
description thereol will be omitted or simplified.

FIG. 7 1s a perspective view showing a structure of a heat-
conducting member 658 and a connecting structure of the
heat-conducting member 658 and the optical modulator 451
according to the third exemplary embodiment.

FIG. 8 1s a cross section schematically showing a structure
of the heat-conducting member 658.

As shown 1n FIG. 7 or 8, the third exemplary embodiment
differs from the first exemplary embodiment only in the struc-
ture of the heat-conducting member 658. The rest of the
arrangement 1s the same as the first exemplary embodiment.

As shown i FIG. 7 or 8, the heat-conducting member 658
includes a heat pipe 6581 and an outer frame body 6582.

The heat pipe 63581 has the same function as the heat-
conducting member 458 described 1n the first exemplary
embodiment. As shown 1n FIG. 7 or 8, the heat pipe 6381 has
a substantially circular cross section and a U-shape 1n plan
view 1n correspondence with the outer profile of the optical
modulator 451, the U-shape including a base end extending
along -Y side of the optical modulator 451 and a pair of
extending portions along £X sides of the optical modulator
451. Although not specifically shown, the heat pipe 6581 1s
formed such that a distance between the pair of extending
portions (a distance in X direction) 1s larger than the outer
dimension of the optical modulator 451 1n X direction and a
length 1n the extending direction (Y direction) of the pair of
extending portions 1s larger than the outer dimension of the
optical modulator 451 1n Y direction.

The heat pipe 6582 1s made of a thermally-conductive
material and 1s provided so as to cover an outer circumierence
of the heat pipe 6581 1n a heat-transierable connection with
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the outer circumierence as shown in FIG. 7 or 8. As shown in
FIG. 7, the outer frame body 6582 has a U-shape 1n plan view
in correspondence with the shape of the heat pipe 6581, the
U-shape including the base end 658 A extending 1n X direc-
tion and a pair of extending portions 658B, 658C extending in
Y direction. Any material can be employed for the outer frame
body 6582 as long as the matenal 1s thermally conductive. For
example, the same material as the holder frame 4512 of the
optical modulator 451 can be used.

As shown 1n FIG. 8, the outer frame body 6582 includes
two components of a first outer frame body 6582A and a
second outer frame body 6582B which are assembled to each
other to be thermally-coupled with the outer circumierence of
the heat pipe 6581.

Specifically, the first outer frame body 6582A 1s made by
pressing, injection molding or the like 1into a U-shape 1n plan
view 1n correspondence with the outer profile of the optical
modulator 451 to coincide with the surface of —Y side and the
surfaces extending from =X sides of the optical modulator
451 and into a substantially rectangular cross section 1n cor-
respondence with the optical-element-side connecting por-
tions 4512C, 4512D of the optical modulator 451 such that an
inner surface ol the U-shape is flat and parallel toYZ plane. As
shown 1n FIG. 8, a concave curve 6582A1 1n an arc cross
section 1n correspondence with the outer surface of the heat
pipe 6581 1s formed on a surface on +7. side of the first outer
frame body 6582A. As shown 1n FIG. 7, the first outer frame
body 6582 A 1s formed such that a distance between the pair of
extending portions 638B, 658C i1s substantially the same as
the outer dimension in X direction of the optical modulator
451 and a length 1n the extending direction of the pair of
extending portions 658B, 658C is larger than the outer dimen-
sion 1n Y direction of the optical modulator 451. The second
outer frame body 6582B 1s formed 1n a similar manner as the
first outer frame body 6582A. As shown 1n FIG. 8, a concave
curve 6582B1 having an arc shape 1s formed on -7 side 1n
correspondence with the outer surface of the heat pipe 6581.

By assembling the first outer frame body 6582A and the
second outer frame body 65828, the concave curves 6582 A1,
6582B1 form a cylindrical space, in which the heat pipe 6581
can be disposed. When the first outer frame body 6582A and
the second outer frame body 6582B are assembled for the heat
pipe 6581 to be disposed 1n the space, the concave curves
6582A1, 6582B1 and the outer surface of the heat pipe 6581
are surface-contacted with each other, so that the heat pipe
6581 and the outer frame body 6582 are connected 1n a
heat-transierable manner. The heat pipe 6581 may be con-
nected with the outer frame body 6382 by connecting the
outer surface of the heat pipe 6581 with the concave curves
6582A1, 658281 by soldering, welding, adhering with a ther-
mally-conductive adhesive and the like. By employing such
an arrangement, even a microlevel non-contacting portion
caused by surface roughness between the outer surface of the
heat pipe 6581 and the concave curves 6382A1, 9582B1 can
be connected 1n a heat-transferable manner.

When the first outer frame body 6582A and the second
outer frame body 63582B are assembled, an inner surface of
the U-shape of the first outer frame body 6582A 1s substan-
tially flush with an inner surface of the U-shape of the second
outer frame body 6582B, so that an inner surface in the
U-shape of the outer frame body 6582 1s flat and parallel to Y Z
plane. Mutually opposing surfaces 6582C1, 6582C2 (FI1G. 7)
of the pair of extending portions 6588, 658C of the outer
frame body 6382 of the heat-conducting member 658 are
heat-conducting-member-side connecting portions con-
nected with the optical modulator 451 1n a heat-transferable
mannet.
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By fitting the optical modulator 451 1n the U-shape of the
heat-conducting members 658 (where —Y side of the optical

modulator 451 abuts the base end 658A), the optical-clement-
side connecting portions 4512C, 4512D of the optical modu-
lator 451 surface-contact with the heat-conducting-member-
side connecting portions 6382C1, 6382C2 of the heat-
conducting member 638, so that the optical modulator 451
and the heat-conducting members 658 are connected with
cach other 1n a heat-transferable manner. Stmilarly to the first
exemplary embodiment, the heat-conducting members 658
may be connected with the optical modulator 451 by connect-
ing the optical-eclement-side connecting portions 43512C,
4512D with the heat-conducting-member-side connecting
portions 6582C1, 6582C2 by soldering, welding, adhering
with a thermally-conductive adhesive and the like.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to irradiation of light beams will be
described.

The heat releasing structure of the third exemplary embodi-
ment ditfers from that of the first exemplary embodiment only
in that the outer frame body 6582 is interposed 1n the heat
transier passage from the holder frame 43512 to the heat pipe
6581 1n the third exemplary embodiment. As indicated by
arrows R3 1n FIG. 7, the heat generated on the liquid crystal
panel 4511 moves through a heat transier passage from the
liquid crystal panel 4511 via the holder frame 4512 to the
outer frame body 6582 and from evaporating portions 6583 A,
65838 of the heat-conducting member 638 (the heat pipe
6581) to condensing portions 6584A, 65848 and 6583 from
which the heat 1s released to the outside.

According to the above-described third exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the first exemplary embodiment.

In the third exemplary embodiment, the heat-conducting
member 658 includes the heat pipe 6581 and the outer frame
body 6582 and surface-contacts with the optical modulator
451 with the outer frame body 6582 interposed between the
heat pipe 6581 and the optical modulator 451. Accordingly, as
compared with the heat-conducting member 458 described 1n
the first exemplary embodiment, since the outer frame body
6582 1s provided between the optical modulator 451 and the
heat pipe 6581, no pressing for the heat pipe 6581 1s required.
It 1s only necessary to form the heat-conducting-member-side
connecting portions 6382C1, 6582C2 on the outer surface of
the outer frame body 6582 1nto a shape same as the profile of
the outer surface (the optical-eclement-side connecting por-
tions 4512C, 4512D) of the optical modulator 451. Thus,
characteristics of the heat pipe 6581 can be excellent while
the optical modulator 451 can be efficiently cooled, thereby
preventing temperature rise in the optical modulator 451 to
eificiently avoid heat degradation of the optical modulator
451 (the liquid crystal panel 4511).

Since the outer frame body 6582 1s constituted by the two
components of the first outer frame body 6582A and the
second outer frame body 65828, the outer frame body 6582
can be easily attached onto the heat pipe 6581.

Fourth Exemplary Embodiment

A fourth exemplary embodiment of the invention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described first exemplary embodiment and detailed
description thereol will be omitted or simplified.

FIGS. 9A to 10B show a structure of a heat-conducting
member 758 and a connecting structure of the heat-conduct-
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ing member 758 and the liquid crystal panel 4511 of the
fourth exemplary embodiment. Specifically, FIG. 9A 1s a
perspective view as seen from the light incident side. FI1G. 9B
1s a perspective view as seen from the light emitting side. FIG.
10A 1s a cross section as seen {rom a lateral side. FIG. 10B 1s
a cross section as seen irom the upper side.

Note that, 1n FIGS. 9A and 10B, an optical axis of a light
beam 1rradiated from the liquid crystal panel 4511 1s defined
as Z-axis and two axes orthogonal to Z-axis are defined as
X-axis (horizontal axis) and Y-axis (vertical axis) for conve-
nience for description.

As shown i FIGS. 9A to 10B, the fourth exemplary
embodiment differs from the first exemplary embodiment 1n
that: the heat-conducting member 758 has a different struc-
ture; the holder frame 4512 of the optical modulator 451 1s
omitted; the heat-conducting member 758 holds and fixes the
liquad crystal panel 4511 (an optical element); and the liquid
crystal panel 4511 can be disposed at a predetermined posi-
tion. The rest of the arrangement 1s the same as the first
exemplary embodiment.

The heat-conducting member 758 1s a heat pipe, which 1s
similar to the heat-conducting member 458 described 1n the
first exemplary embodiment.

As shown i FIGS. 9A and 9B, the heat-conducting mem-
ber 758 1s pressed mto a U-shape in plan view 1n correspon-
dence with the outer profile of the liquid crystal panel 4511,
the U-shape including a base end 758 A extending along +Y
side of the liquid crystal panel 4511 and a pair of extending
portions 758B, 758C extending along +X sides of the liquid
crystal panel 4511.

As shown in FIG. 9A, the heat-conducting member 758 1s
pressed such that an outer surface of -7 side (on the light
incident side) 1s flat. The flat outer surface 7581 functions as
a supporting surface for supporting an optical element (such
as the mcident-side polarizer 452) disposed on the upstream
of the optical path.

As shown 1 FIGS. 10A and 10B, the heat-conducting
member 758 1s pressed into a shape 1n which a periphery of
the U-shape on +Z side (on the light emitting side) 1s dented
in —7. direction 1n correspondence with the outer profile of the
liquid crystal panel 4511, forming a dented portion 7582 1n a
U-shape 1n plan view. More specifically, as shown in FIGS.
10A and 10B, the dented portion 7582 has a shape in corre-
spondence with the outer profiles of the opposing substrate
4511B and the dust-proof glass 4511E of the liquid crystal
panel 4511, allowing the opposing substrate 4511B and the
dust-proof glass 4511F of the liqud crystal panel 4511 to be
loosely fitin the dented portion 7582. As shown 1n FIGS. 10A
and 10B, a bottom portion of the dented portion 7582 1is
formed flat. A bottom portion 7582A of the dented portion
7582 of the heat-conducting member 758 1s the heat-conduct-
ing-member-side connecting portion connected to the liquid
crystal panel 4511 1n a heat-transferable manner.

By arranging the light-incident-side surface of the liquid
crystal panel 4511 to abut to the dented portion 7582 of the
heat-conducting member 758, a light-incident-side surface
4511E1 (an optical-element-side connecting portion) of the
dust-proot glass 4511E of the liquid crystal panel 4511 sur-
face-contacts the heat-conducting-member-side connecting
portion 7582A of the heat-conducting member 758, so that
the liquid crystal panel 4511 1s connected with the heat-
conducting member 758 1n a heat-transferable manner. The
optical-clement-side connecting portion 4511E1 and the
heat-conducting-member-side connecting portion 7582 A are
fixed by a thermally-conductive adhesive. The adhesion
allows even a microlevel non-contacting portion caused by
surface roughness between the optical-element-side connect-
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ing portion 4511E1 and the heat-conducting-member-side
connecting portion 7582A to be connected in a heat-transter-

able manner.

In other words, by employing the above-described struc-
ture of the heat-conducting member 758, the liquid crystal
panel 4511 can be held and fixed directly. Further, the liquad
crystal panel 4511 can be disposed at a predetermined posi-
tion by fixing the heat-conducting member 758 at a predeter-
mined position relative to the optical-element holder 457 or
by fixing the heat-conducting member 758 in the optical
component casing 46.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to wrradiation of light beams will be
described.

The heat releasing structure of the fourth exemplary
embodiment differs from that of the first exemplary embodi-
ment only in that the holder frame 4512 1s omitted on the heat
transier passage from the liquid crystal panel 4511 to the
heat-conducting member 758 in the fourth exemplary
embodiment. As indicated by arrows R4 1n FIG. 9A, the heat
generated on the liquid crystal panel 4511 moves through a
heat transier passage from the liquid crystal panel 4511 to the

heat-conducting member 758 and from evaporating portions
7583 A, 75838 of the heat-conducting member 758 to con-

densing portions 7584 A, 75848 and 7385 from which the
heat 1s released to the outside.

According to the above-described fourth exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the first exemplary embodiment.

In the fourth exemplary embodiment, the heat-conducting
member 758 has a U-shape 1n plan view formed by the base
end 758 A and the pair of extending portions 758B, 758C. The
heat-conducting member 758 holds and fixes the liquid crys-
tal panel 4511 on a bottom portion (a heat-conducting-mem-
ber-side connecting portion 7582A) of the dented portion
7582 formed 1n an 1inner periphery of the U-shape to position
the liquid crystal panel 4511 at a predetermined position. In
other words, unlike the optical modulator 451 described in the
first exemplary embodiment, the holder frame 4512 1s omiut-
ted and the heat-conducting member 758 1tself functions as
the holder frame for holding the liquid crystal panel 4511.
Thus, the holder frame 4512 1s omitted and the structure of the
optical device body 45A can be simplified, thereby reducing
the cost of the optical device body 45A and the cost of the
projector 1.

Since the holder frame 4512 can be omitted, the heat gen-
erated on the liqud crystal panel 4511 1s directly released
onto the heat-conducting member 758 without passing
through the holder frame 4512, so that excellently heat trans-
fer characteristics from the liquid crystal panel 4511 to the
heat-conducting member 758 can be ensured, thereby
improving cooling efficiency of the liquid crystal panel 4511.

Modifications of First to Fourth Exemplary
Embodiments

Note that the scope of the invention 1s not restricted to the
above-described exemplary embodiments, but includes
modifications and improvements as long as an object of the
invention can be achieved.

In the arrangements according to the aforesaid exemplary
embodiments, the heat-conducting members 458, 558, 658,
758 are used to cool the optical modulators 451 and the liquid
crystal panels 4511. However, the arrangement 1s not limited
thereto and other optical elements such as the polarization
converters 423, the incident-side polarizers 452, the 1rradia-
tion-side polarizers 454 and the like may be cooled.
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In the aforesaid exemplary embodiments, the heat-con-
ducting members 458, 558, 658, 758 are formed 1n a U-shape
in plan view or a ring shape. However, the heat-conducting
members 458, 558, 658, 758 may have any other shape as
long as the shape allows a surface-contact with the holder
frame 4512 or the liquid crystal panel 4511 of the optical
modulator 451 1n a heat-transferable manner.

The optical-element-side connecting portions 4512C,
4512D and the heat-conducting-member-side connecting
portions 45818, 4381C, 5581B, 5581C, 6582C1, 6582C2,
7582A are formed flat in the aforesaid exemplary embodi-
ments, the components may have any other form such as a
curve or a concave-convex form.

In the aforesaid exemplary embodiments, an outer surface
of the holder frame 4512 or the liquid crystal panel 4511 of
the optical modulator 451 serves as the optical-element-side
connecting portion and the heat-conducting-member-side
connecting portions 45818, 4581C, 55818, 5581C, 65821,
6582C2, 7582 A are formed to coincide with the outer surtace.
However, the outer surface of the heat pipe that 1s cylindrical
in plan view may alternately serve as the heat-conducting-
member-side connecting portion and the optical-eclement-
side connecting portion may be provided on the holder frame
or the liqud crystal panel of the optical modulator so as to
comncide with the outer surface of the heat pipe. The holder
frame or the liquid crystal panel of the optical modulator and
the heat-conducting member may be respectively provided
with the optical-element-side connecting portion and the
heat-conducting-member-side connecting portion which are
in a surface-contact with each other.

FIGS. 11 and 12 show modifications of the first exemplary
embodiment.

In the first exemplary embodiment, the heat-conducting
members 458 1s pressed mnto a substantially rectangular cross
section, but the heat-conducting members 458 may have any
cross-section as long as the mutually-opposing surfaces
45818, 4581C of the pair of extending portions 4388, 458C
are flat. For instance, as shown in FIG. 11, the heat-conduct-
ing member 458 may be pressed mnto a substantially triangle
or semicircular cross section.

In the third exemplary embodiment, the outer frame body
6582 1s formed 1n a rectangular cross section. However, the
cross section 1s not limited thereto and the outer frame body
6582 may be formed in a triangle shape or a semicircular
shape (similarly to the above) as long as the mutually-oppos-
ing surfaces 6582C1, 6582C2 of the pair of extending por-
tions 658B, 658C are flat.

In the fourth exemplary embodiment, the heat-conducting
member 758 has a U-shape in plan view. However, the heat-
conducting member 758 may have a ring shape similar to the
heat-conducting member 558 described 1n the second exem-
plary embodiment as long as the heat-conducting member
758 can at least fit with a portion of an outer peripheral end of
the liquid crystal panel 4511. The gap between the surfaces of
the dust-proof glass 4511E of the liquid crystal panel 4511
and the opposing substrate 4511B and the dented portion
7582 may be filled with a thermally-conductive adhesive to
increase a heat-transierable area.

FIGS. 13A and 13B show modifications of the aforesaid
exemplary embodiments.

According to the mvention, following arrangements may
be employed as long as the heat-conducting member surface-
contacts with the holder frame or the liquid crystal panel of
the optical modulator 1n a heat-transierable manner.

For example, as shown in FIG. 13A, acutportion 4512A' 1s
tormed 1n advance on a lateral side of a holder frame 4512' of
an optical modulator 451" 1n a shape correspondence to the
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circular shape in cross section of a heat-conducting member
(the heat pipe) 458'. As indicated 1n a broken line 1n FIG. 13 A,

distal ends of a cut portion 4512A" are bent by heat-caulking
to make an inner wall surface of the cut portion 4512A'
surface-contact with an outer surface of the heat-conducting
member 458",

Alternatively, as shown 1n FIG. 13B, an insertion hole
4512A" 1 which a heat-conducting member (a heat pipe)
458" of a cylindrical cross section 1s formed in advance on a
lateral side of a holder frame 4512" of the optical modulator
451'. As indicated by a broken line 1n FIG. 13B, 1n manuiac-
ture the heat-conducting member 458", the heat-conducting
member 458" 1s 1nserted into the 1nsertion hole 4512A™ and
heated to pressurize the 1nside of the heat-conducting mem-
ber 458" to expand the heat-conducting member 458",
thereby connecting an outer surface of the heat-conducting
member 458" to an 1nner surface of the insertion hole 4512 A"
in a surface-contact. Subsequently, distal ends of the heat-
conducting member 458" are sealed.

Even 1n this arrangement, the heat-conducting member can
surface-contact the holder frame or the liquid crystal panel of
the optical modulator to achieve a good heat transfer.

Fifth Exemplary Embodiment

A fifth exemplary embodiment of the mvention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described first exemplary embodiment and detailed
description thereol will be omitted or simplified.

Details of Arrangement of Optical Device Body

FIGS. 14 and 15 schematically show an arrangement of the
optical device body 45A. Specifically, FIG. 14 1s a perspec-
tive view of the optical device body 45 A when seen from the
optical modulator 451G side. FIG. 15 1s an exploded perspec-
tive view of the optical device body 45A. In FIG. 15, the
optical modulator 451G side of the optical device body 45A 1s
shown 1n an exploded manner, but optical modulator 451R,
451B sides are also have the same structure as the optical
modulator 451G side.

The optical device body 45 A includes the above-described
optical modulators 451, viewing angle compensators 453,
irradiation-side polarizers 454 and cross dichroic prism 4535
as well as the supporting structure body 456, the three optical-
clement holders 457 and the three heat pipes 1158, these
components 451, 453 to 458 and 1138 integrally constituting
the optical device body 45A.

As shown 1n FIG. 14 or 15, each of the three irradiation-
side polarizers 434 has an arrangement where the second
irradiation-side polarizer 4542 1s fixed with an adhesive or the
like on a light-incident-side surface of the cross dichroic
prism 455 with the polarization film 4542B faced toward the
light emitting side.

As shown 1 FIG. 14 or 15, the three heat pipes 1158 are
respectively connected to the three optical modulators 451 1n
a heat-transferable manner and the heat-conducting members
4358 release heat that generates on the optical modulators 451
due to the light beams 1rradiated thereon. Each heat pipe 1158
1s formed as a tube having capillary-tube structure (wick) and
accommodating a coolant 1n the tube, where the coolant cir-
culates within the tube to transfer the heat within the heat pipe
1158.

Although not specifically shown, the capillary structure of
the heat pipe 1158 1s a sintered wick of powder form. Water 1s
used as the coolant herein. The capillary structure i1s not
limited to sintered wick, but other wicks such as extra-fine
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line wick of a plurality of fine copper lines and the like,
net-like metal mesh wick and groove-wick 1n which a plural-
ity of grooves are formed inside the tube, may be used. The
coolant 1s not limited to water, but other coolant such as
alcohol may be used.

FIG. 16 1s a perspective view showing a connecting struc-
ture of the heat pipe 11358 relative to the optical modulator
451. Note that, 1n FIG. 16, an optical axis of a light beam
irradiated from the optical modulator 451 1s defined as Z-axis
and two axes orthogonal to Z-axis are defined as X-axis
(horizontal axis) and Y-axis (vertical axis) for convenience for
description.

As shown 1n FIG. 16, the heat pipe 1158 1s pressed to be
bent into a U-shape 1n plan view, 1n which a base end 1158 A
extends 1n X direction along -Y side of the optical modulator
451, the shape corresponding to the outer profile of the optical
modulator 451; a pair of extending portions 11588, 1158C
extends 1n 'Y direction along +sides of the optical modulator
451; and 1nner surfaces of the U-shape are formed substan-
tially mto an ellipse to be flat 1n parallel to YZ plane in
correspondence with the optical-element-side connecting
portions 4512C, 4512D of the optical modulator 451. As
shown 1n FIG. 16, the heat pipe 1158 1s formed such that a
distance between the pair of extending portions 1158B,
11358C (a distance 1n X direction) 1s substantially the same as
the outer dimension 1 X direction of the optical modulator
451 and a length of the pair of extending portions 1158B,
1158C 1n the extending direction 1s longer than the outer

dimension i Y direction of the optical modulator 451.
Opposing surfaces 115818, 11581C of the pair of extending

portions 11588, 1158C of the heat pipe 1158 are a heat-
conducting-member-side connecting portion connected with
the optical modulator 451 1n a heat-transierable manner.

As shown in FIG. 16, the base end 1158A of the heat pipe
1158 1s provided with a fin-like portion 4585 for releasing to
the outside the heat transferred from a below-described
evaporating portion.

More specifically, 1n the fifth exemplary embodiment, the
fin-like portion 4585 1s provided as a fin-like (concave-con-
vex ) outer surface of the base end 1158A ofthe heat pipe 1158
and includes a plurality of upper fin-like portions 4585A
extending 1 +Y direction from +Y side of the base end
1158A and a plurality of lower fin-like portions 4585B
extending 1 -Y direction from -Y side of the base end
1158A.

As shownin FIG. 16, the plurality of upper fin-like portions
4585 A have a plate-like form and are aligned with a surface
disposed 1n parallel to YZ plane 1n X direction. As shown 1n
FIG. 16, the plurality of upper fin-like portions 4585A are
tormed 1n correspondence with the outer profile on -Y side of
the optical modulator 451 (1.e. in correspondence with the
profile of the dented portion 4512 A3 of the optical modulator
451) such that a height 1n Y direction of the upper fin-like
portions 4385A located substantially at the center i1s greater
than the height of the upper fin-like portion 4585A at both
ends 1n X direction. As shown 1n FIG. 16, when the heat pipe
1158 1s connected with the optical modulator 451, the plural-
ity of the upper fin-like portions 4585 A are arranged along to
-Y side of the optical modulator 451.

As shown 1n FIG. 16, the plurality of lower fin-like portions
45858 have a plate-like form and are aligned with surfaces
disposed 1n X direction to be parallel to YZ plane. As shown
in FI1G. 16, the plurality of lower fin-like portions 45858 are
provided such that distal ends thereot are substantially on the
same plane.

By fitting the optical modulator 451 in the U-shape of the
heat pipe 1158, the optical-element-side connecting portions
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4512C, 4512D of the optical modulator 451 surface-contact
with the heat-conducting-member-side connecting portions

115818, 11581C of the heat pipe 1158, so that the optical

modulator 451 and the heat pipe 1158 are connected with
cach other 1n a heat-transierable manner. The heat pipe 1158
may be connected with the optical modulator 451 by connect-
ing the optical-clement-side connecting portions 4312C,
4512D with the heat-conducting-member-side connecting
portions 115818, 11581C by soldering, welding, adhering
with a thermally-conductive adhesive and the like. By
employing such an arrangement, even a microlevel non-con-
tacting portion caused by surface roughness between the opti-
cal-element-side connecting portions 4512C, 4512D and the
heat-conducting-member-side connecting portions 11581B,
11581C can be connected 1n a heat-transierable manner.
Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to irradiation of light beams will be

described.

As described above, when the heat pipe 1158 1s connected
with the optical modulator 451 1n a heat-transferable manner,
heat generated on the liquid crystal panel 4511 due to irradia-
tion of light beams 1s released as follows.

For example, as indicated by arrows R1 1in FIG. 16, the heat
generated on the liquid crystal panel 4511 moves 1 X direc-
tion to the optical-element-side connecting portions 4512C,
4512D connected with the heat pipe 1158 1n a heat-transfer-
able manner to be transferred to the holder frame 4512.

As indicated by arrows R1 1n FIG. 16, the heat transferred
to the holder frame 4512 1s transierred to substantially center
portions (in Y direction) of the pair of extending portions
11588, 1158C via the pipe-side connecting portions 115818,
11581C that are 1n a heat-transierable connection with the
holder frame 4512 of the heat pipe 1138.

Inside the substantially center portions (in'Y direction) of
the pair of extending portions 1158B, 1158C, coolant 1s
heated by the transferred heat to be evaporated and gasified,
where the heat 1s absorbed as latent heat (vaporization heat).
Specifically, the substantially center portions (1in'Y direction)
ol the pair of extending portions 1158B, 1158C function as
evaporating portions 43582 of the heat pipe 1158.

As 1ndicated by the arrows R1 1in FIG. 16, the vaporized
coolant forms vapor flow and moves to low-temperature sides
(sides located apart from the evaporating portions 4582)
which are distal ends of the pair of extending portions 1158B,
1158C of the heat pipe 11358. The coolant having moved to the
distal ends of the pair of extending portions 11388, 1158C
and the base end 1158 A 1s cooled and liquidized, releasing the
heat (heat-releasing by condensed latent heat). Specifically,
the distal ends of the pair of extending portions 11588, 1158C
and the base end 1158 A function as condensing portions
4583, 11584 of the heat pipe 1158. Heat 1n the condensing
portion 11584 out of the condensing portions 4583, 11584 1s
released to the outside via the fin-like portion 4585. Heat 1n
the condensing portions 4583 1s directly released to the out-
side. The coolant liquidized by the condensing portions 4583,
11584 returns to the evaporating portions 4582 through the
capillary-tube structure (wick).

As described above and indicated by the arrows R1 in FIG.
16, the heat generated on the liquid crystal panel 4511 moves
through a heat transier passage from the liquid crystal panel

4511 viathe holder frame 4512 to the heat pipe 1158 and from
the evaporating portions 4582 of the heat pipe 1158 to the
condensing portions 4583, 11584 from which the heat is
released to the outside via the fin-like portion 4585.

According to the above-described fifth exemplary embodi-
ment, following advantages can be obtained.
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In the fifth exemplary embodiment, an outer surface of the
heat pipe 1158 1s connected with the optical modulator 451 in
a heat-transferable manner. Accordingly, as compared with a
related-art arrangement, the heat pipe 11358 1s directly con-
nected with the optical modulator 451 without 1nterposition
ol air, heat-resistance on the heat transier passage from the
optical modulator 451 to the heat pipe 1158 may be lowered.

On the outer surface of the heat pipe 1138, the fin-like
portion 4585 for releasing heat 1s provided. Accordingly, the
heat absorbed by the evaporating portions 4582 of the heat
pipe 1158 from the optical modulator 451 is released to the
outside via the fin-like portions 4585. Hence, sufficient heat
releasing area can be obtained 1n the heat pipe 1158 to ensure
excellent heat releasing characteristics thereof, so that the
temperature of the condensing portions 4583, 11584 located
apart from the evaporating portions 4582 can be lowered.
Specifically, 1n the heat pipe 1158, a temperature difference
between the evaporating portions 4582 and the condensing
portions 4583, 11584 can be set large, thereby increasing the
heat transfer rate 1n the tube.

Hence, the optical modulator 451 can be efliciently cooled
to prevent temperature rise in the optical modulator 451, so
that thermal degradation of the optical modulator 451 (the
liquid crystal panel 4511) can be etficiently avoided. In other
words, such an arrangement provides a good projection
image Ifrom the projector 1 and an increased longevity
thereof.

The fin-like portion 4585 1s provided on the outer surface
of the heat pipe 1158 1n a fin-like shape. Accordingly, the heat
moving in the tube 1n the heat pipe 1158 can be efliciently
transierred to the fin-like portions 4585 and released via the
fin-like portions 4583 as compared to an arrangement where
the fin-like portion 1s provided as a body separated from the
heat pipe.

Further, 1n the fifth exemplary embodiment, the heat pipe
11358 1s formed 1n the U-shape 1n plan view including the base
end 1158A and the pair of extending portions 11588, 1158C
(the pipe-side connecting portions 115818, 11581C) and the
pair of extending portions 1158B, 1158C are respectively
connected with the optical-element-side connecting portions
4512C, 4512D of the optical modulator 451. Accordingly, as
compared with, for instance, an arrangement where the heat
pipe 1s connected with only one side of the optical modulator
451 1n a heat-transferable manner, a plurality of coolant reflux
passages (four passages 1n the fifth exemplary embodiment)
can be provided in the tube between one evaporating portion
4582 of the extending portions 11588, 1158C and the con-
densing portions 4583, 11584 located apart from the evapo-
rating portions 4582, so that a heat transfer rate in the tube can
be increased. To efficiently cool the optical modulator 451,
for example, an arrangement where two heat pipes connect
with the optical-element-side connecting portions 4512C,
4512D of the optical modulator 451 1n a heat-transierable
manner may be employed. However, 1n the arrangement of
the fifth exemplary embodiment, the optical modulator 451
can be elliciently cooled by only one heat pipe 1138, so that
the structure of the optical device body 45A can be simplified
to reduce the cost of the optical device body 45A and the
projector 1.

In the fifth exemplary embodiment, the capillary-tube
structure of the heat pipe 1158 1s provided by a sintered wick.
Accordingly, 1t 1s not necessary to utilize gravity for the
movement of the coolant, so that the condensing portions
4583, 11584 and the evaporating portions 43582 can be dis-
posed without positional limitation. As an example, 1irrespec-
tive of a posture of the projector 1 such as a normal posture, a
suspended posture and an inclined posture for adjusting a
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projection 1mage position, heat 1n the heat pipe 1158 can be
elficiently moved, so that the optical modulator 451 can be

elficiently cooled, thereby preventing temperature rise 1n the
optical modulator 451 to efficiently avoid heat degradation of
the optical modulator 451.

Since the capillary-tube structure of the heat pipe 1158 1s
formed by sintered wick, heat resistance between the evapo-
rating portions 4582 and the condensing portions 4583,
11584 can be set sulliciently low as compared with the other
wick (extra-fine line wick, metal mesh wick, groove wick and
the like) and the heat can be efficiently transierred to the
coolant by virtue of the excellent heat conductivity of the
wick itself. Accordingly, heat transfer within the heat pipe
1158 can be more rapidly conducted and the cooling efli-
ciency of the optical modulator 451 can be further improved.

The optical modulator 451 and the heat pipe 1158 have
shapes that allow a surface-contact of the respective connect-
ing portions (the optical-element-side connecting portions
4512C, 4512D and the pipe-side connecting portions
115818, 11581C). A contact area between the optical modu-
lator 451 and the heat pipe 1158 can be thus increased,
thereby enhancing heat transfer characteristics from the opti-
cal modulator 451 to the heat pipe 1158.

In the fifth exemplary embodiment, the pipe-side connect-
ing portions 115818, 11581C provided on the outer surface
of the heat pipe 1158 are pressed to coincide with the profile
of the outer surface of the optical modulator 451 (the optical-
clement-side connecting portions 4512C, 4512D). Accord-
ingly, as compared with an arrangement where an outer sur-
face of a heat pipe (e.g. a heat pipe having a circular cross
section) serves as the pipe-side connecting portion and the
optical-element-side connecting portion 1s formed to coin-
cide with the outer profile of the heat pipe, a structure for
achieving a surface-contact between the connecting portions
of the optical modulator 451 and the heat pipe 1158 (the
optical-element-side connecting portions 4512C, 4512D and
the pipe-side connecting portions 11581B, 11581C) can be
obtained only by pressing the heat pipe 1158, eiliciently
cooling the optical modulator 451 with a simple arrangement
and preventing temperature rise 1n the optical modulator 451

to efliciently avoid heat degradation of the optical modulator
451.

Si1xth Exemplary Embodiment

A sixth exemplary embodiment of the mvention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described fifth exemplary embodiment and detailed
description thereol will be omitted or simplified.

FIG. 17 1s a perspective view showing a structure of a heat
pipe 1258 (a heat-conducting member) and a connecting
structure of the heat pipe 1258 and the optical modulator 451
according to the sixth exemplary embodiment. Note that, 1n
FIG. 17, an optical axis of a light beam iwrradiated from the
optical modulator 451 1s defined as Z-axis and two axes
orthogonal to Z-axis are defined as X-axis (horizontal axis)
and Y-axis (vertical axis) for convemence for description.

As shown 1n FIG. 17, the sixth exemplary embodiment
differs from the fifth exemplary embodiment in that a fin-like
portions 125835 1s provided as a body separate from the heat
pipe 1258 and attached on an outer surface of the heat pipe
1258. The rest of the arrangement 1s the same as the fifth
exemplary embodiment.

FIG. 18 1s an exploded perspective view showing a con-
necting structure of the heat pipe 1258 and the fin-like por-
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tions 12585. In FIG. 18, similarly to FIG. 17, an optical axis
of a light beam 1rradiated from the optical modulator 451 1s
defined as Z-axis and two axes orthogonal to Z-axis are
defined as X-axis (horizontal axis) and Y-axis (vertical axis)
for convenience for description.

As shown 1n FI1G. 17 or 18, the heat pipe 1258 has the same
function and substantially the same shape as the heat pipe
1158 described 1n the fifth exemplary embodiment. The heat
pipe 1158 1s pressed into a form 1including a base end 1238A
(FIG. 18) and a pair of extending portions 123588, 12358C
(including pipe-side connecting portions 115818, 11581C)
which are respectively similar to the base end 1158A of the
heat pipe 1158 and the pair of extending portions 1158B,
1158C (the pipe-side connecting portions 115818, 11581C).

As shown 1n FIG. 18, the heat pipe 1258 1s pressed to
exhibit a substantially ellipse cross section in which both of
+7. s1des of the base end 1258 A 1s flat 1n parallel to XY plane.
7 sides 1258A1, 1258A2 of the base end 1258 A of the heat
pipe 1258 serve as fin connectors connected with the fin-like
portions 125835 1n a heat-transferable manner.

The fin-like portions 125835 are made of, for instance, a
thermally conductive material such as a metal material
including aluminum. As shown 1n FIG. 17 or 18, the fin-like
portions 12585 are provided by two bodies that are respec-

tively connected 1n a heat-transferable manner with the fin
connectors 1258A1, 1258A2 of the base end 1258A of the
heat pipe 1258. As shown i FIG. 17 or 18, the fin-like
portions 12583 are respectively constituted by a plate body
12585 A and a plurality of fins 125835B integrally provided on
the plate body 12585A.

The plate body 12585A 1s a plate having a substantially
rectangular shape 1n plan view. Specifically, as shown 1n FIG.
17 or 18, a center portion (1n X direction) of anend on +Y side
of the body plate 12585 A projects in +Y direction 1n corre-
spondence with the outer profile of an end on -Y side of the
optical modulator 451, 1.¢., 1n correspondence with the profile
of the dented portion 4512A3 of the optical modulator 451.

As shown in FIG. 17 or 18, the plurality of fins 125858 are
provided on one of Z sides of the plate body 12585A. As
shown 1n FIG. 17 or 18, the plurality of fins 125858 have a
plate-like form and extend from the end on +Y side to the end
on -Y side of the plate body 12585A with plate surfaces
thereof aligned i X direction in parallel to YZ plane.

The fin-like portions 12585 are connected 1n a heat-trans-
ferable manner with the fin connectors 1258A1, 1258A2 of

the heat pipe 1258 on a surface opposite to the surface on
which the plurality of fins 125858 are formed. The fin-like
portions 12585 may be connected with the heat pipe 12358 by
connecting the fin connectors 1258A1, 1258A2 and the {in-
like portions 125835 by soldering, welding, adhering with a
thermally-conductive adhesive and the like. As shown 1n FIG.
17, when the heat pipe 12358 connected with the fin-like
portions 12585 1s connected with the optical modulator 451
(stmilarly to the connecting structure of the heat pipe 1158
and the optical modulator 451 described 1n the fifth exem-
plary embodiment), an end on +Y side of the fin-like portions
12585 extend along -Y side of the optical modulator 451.

Next, a structure for releasing heat generated on the liquad
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the sixth exemplary
embodiment 1s similar to that of the fifth exemplary embodi-
ment. Specifically, as indicated by the arrows R2 1n FIG. 17,
the heat generated on the liquid crystal panel 4511 moves

t"lrough a heat transier passage from the 11qu1d crystal panel
4511 viathe holder frame 4512 to the heat pipe 1258 and from

the condensing portions 4583, 11584 (FIG. 18) of the heat
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pipe 1258 to the condensing portions 4583, 11584 irom
which the heat 1s released to the outside via the fin-like por-

tion 12585.

According to the above-described sixth exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the fifth exemplary embodiment.

In the sixth exemplary embodiment, the fin-like portions
12585 are separated bodies from the heat pipe 1258. Accord-
ingly, as compared with the structure described 1n the fifth
exemplary embodiment (1n which the outer surface of the heat
pipe 1158 of the fin-like portion 4585 1s formed 1n a fin-like
shape), the fin-like portion 12585 can have any shape without
limitation, so that the flexibility 1n designing the fin-like por-
tion 12585 can be improved.

Seventh Exemplary Embodiment

A seventh exemplary embodiment of the invention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described fifth exemplary embodiment and detailed
description thereot will be omitted or simplified.

FIG. 19 1s a perspective view showing a structure of a heat
pipe 1358 (a heat-conducting member) and a connecting
structure of the heat pipe 1358 and the optical modulator 451
according to the seventh exemplary embodiment. Note that,
in FIG. 19, an optical axis of a light beam irradiated from the
optical modulator 451 1s defined as Z-axis and two axes
orthogonal to Z-axis are defined as X-axis (horizontal axis)
and Y-axis (vertical axis) for convemence for description.

As shown 1n FIG. 19, the seventh exemplary embodiment
differs from the fifth exemplary embodiment only 1n the
structure of the heat pipe 1358. The rest of the arrangement 1s
the same as the fifth exemplary embodiment.

The heat pipe 1358 1s a heat pipe that has a function similar
to that of the heat pipe 1158 described in the fifth exemplary
embodiment, which has an I-shape 1n plan view extending 1n
Y direction and a substantially circular cross section as shown
in FIG. 19. As shown 1n FIG. 19, the heat pipe 1358 1s formed
such that a length in'Y direction 1s larger than that of the outer
dimension 1n Y direction of the optical modulator 451. As
shown 1 FIG. 19, an outer surface of the heat pipe 1358 1s
connected 1n a heat-transferable manner with the optical-
clement-side connecting portions 4512C, 4512D of the opti-
cal modulator 451. In other words, as shown in FIG. 19, a
portion 13581 of the outer surface connected 1n a heat-trans-
terable manner with the optical-element-side connecting por-
tions 4512C, 4512D of the heat pipe 1358 serves as a pipe-
side connecting portion.

Similarly to the fifth exemplary embodiment, the heat pipe
1358 may be connected with the optical modulator 451 by
connecting the optical-element-side connecting portions
4512C, 4512D with the pipe-side connecting portions 13581
by soldering, welding, adhering with a thermally-conductive
adhesive and the like.

In the seventh exemplary embodiment, six heat pipes 1358
are provided 1n correspondence with the number of the optical
modulators 451 (the optical-element-side connecting por-
tions 4512C, 4512D) (see FI1G. 20).

FIG. 20 1s an 1llustration for showing an extending direc-
tion of a fin-like portion 13585.

As shown 1n FIG. 19, on an outer surface of the heat pipe
1358, a fin-like portion 13585 1s provided substantially at a
position opposite to the pipe-side connecting portion 13581,
the fin-like portion 13585 extending in a direction away from
the pipe-side connecting portion 13581.
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The fin-like portions 13585 are made of a thermally con-
ductive material such as a metal material including alumi-
num. The fin-like portions 13585 1s a rectangle 1n plan view as
shown 1n FIG. 19, of which length in'Y direction 1s substan-
tially the same as the length 1n'Y direction of the heat pipe
1358. As shown 1n FIG. 19, one of the +Y sides of the fin-like
portion 13585 is attached 1n a heat transferable manner on the
heat pipe 1358 substantially at a position opposite to the
pipe-side connecting portion 13581. The fin-like portion
13585 may be connected with the heat pipe 1338 by solder-
ing, welding, adhering with a thermally-conductive adhesive
and the like.

As shown 1n FIG. 20, the fin-like portions 13583 are
attached on the heat pipe 1358 so as to project 1n diagonal
directions of the rectangular shape in plan view of the cross
dichroic prism 455 with the optical device body 45A 1nte-
grally assembled.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the seventh exem-
plary embodiment is substantially the same as that of the fifth
exemplary embodiment except for a difference described
below.

In the seventh exemplary embodiment, since two heat
pipes 1358 having an I-shape 1n plan view are provided for
cach optical modulator 451, a substantially center portion (1n
Y direction) of the heat pipe 1358 functions as an evaporating,
portion 13582 and both ends (1in Y direction) 1.e. the low-
temperature sides (the sides located apart from the evaporat-
ing portion 13582) function as condensing portions 13583 A,
13583B.

Specifically, as indicated by arrows R3 1in FIG. 19, the heat
generated on the liquid crystal panel 4511 moves through a
heat transier passage from the liquid crystal panel 4511 via
the holder frame 4512 to the heat pipe 1358 and from the
evaporating portion 13582 of the heat pipe 1358 to the con-
densing portions 13583 A, 135838 from which the heat 1s
released to the outside via the fin-like portion 13585. Since
the fin-like portion 13585 1s connected on the outer surface of
the heat pipe 1358 at the positions substantially opposite to
the pipe-side connecting portion 13581, a part of the heat
transierred to the pipe-side connecting portion 13581 1s trans-
terred toward the condensing portion 13583 A, 13583B as
indicated by the arrows R3 1n FIG. 19 and released to the
outside.

According to the above-described seventh exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the fifth exemplary embodiment.

In the seventh exemplary embodiment, since the heat pipe
1338 has the I-shape 1n plan view, the heat pipe 1358 requires
no bending processing or the like, so that the optical modu-
lator 451 can be efficiently cooled by the heat pipe 1338 with
a simple structure.

Additionally, the heat pipe 1358 has the I-shape 1n plan
view and the length (1n' Y direction) slightly longer than the
outer dimension 1n Y direction of the optical modulator 451
and are connected to the optical-element-side connecting por-
tions 4512C, 4512D of the optical modulator 451, so that even
when the heat pipe 13358 1s attached to the optical modulator
451, the optical device body 45A can be compact in size.

The fin-like portion 13585 that extends 1n a direction away
trom the pipe-side connecting portion 13581 and has a length
(in Y direction) substantially the same as the length in'Y
direction of the heat pipe 13358 1s attached on the outer surface
of the heat pipe 1358 at the position opposite to the pipe-side
connecting portion 13581. Accordingly, sufficient heat
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releasing area of the heat pipe 1358 can be secured, so that a
temperature difference between the evaporating portion

13582 and the condensing portions 13583 A, 135838 can be
set large, thereby increasing the heat transfer rate 1n the tube.

The fin-like portions 13583 are attached on the heat pipe
1358 so as to project in diagonal directions of the rectangular
shape 1n plan view of the cross dichroic prism 455 with the
optical device body 45A mtegrally assembled. Hence, when
the optical device body 45A 1s integrally assembled, the fin-
like portions 13585 attached to the heat pipe 1358 do not
mechanically iterfere with each other, so that the size of the
fin-like portions 13585 can be increased. Accordingly, the
heat releasing area of the heat pipe 1358 can be enlarged, so
that a temperature diflerence between the evaporating portion
13582 and the condensing portions 13583 A, 13583B can be
magnified, thereby further increasing the heat transter rate in
the tube. Therefore, while maintaining the compact size of the
optical device body 45A, the optical modulators 451 can be
elficiently cooled.

Eighth Exemplary Embodiment

An eighth exemplary embodiment of the invention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described seventh exemplary embodiment and
detailed description thereof will be omitted or simplified.

FIG. 21 1s a perspective view showing a structure of a heat
pipe 1458 and a connecting structure of the heat pipe 14358
and the optical modulator 451 according to the eighth exem-
plary embodiment. Note that, in FIG. 21, an optical axis of a
light beam 1rradiated from the optical modulator 451 1is
defined as Z-axis and two axes orthogonal to Z-axis are
defined as X-axis (horizontal axis) and Y-axis (vertical axis)
for convenience for description.

As shown 1 FIG. 21, the ninth exemplary embodiment
differs from the seventh exemplary embodiment only in the
structure of the heat pipe 1458. The rest of the arrangement 1s
the same as the seventh exemplary embodiment.

The heat pipe 1458 1s a heat pipe that has a function and a
cross-sectional shape (circular cross section) similar to that of
the heat pipe 1358 described 1n the seventh exemplary
embodiment as shown in FIG. 21, the heat pipe 1458 1is
different from the heat pipe 1358 on -Y side of the heat pipes
1358 shown 1n FIG. 19 are connected with each other to form
a U-shape 1n plan view.

As shown 1n FI1G. 21, the heat pipe 1458 15 pressed into the
U-shape 1n plan view including a base end 1438 A extending
along -Y side of the optical modulator 451 1n correspondence
with the outer profile of the optical modulator 451 and a pair
of extending portions 14588, 14358C extending from the ends
of X direction of the optical modulator 451. As shown 1n FIG.
21, the heat pipe 1458 1s formed such that a distance between
the pair of extending portions 1438B, 1458C 1s substantially
the same as the outer dimension (in X direction) of the optical
modulator 451 and a length of the pair of extending portions
14588, 1458C 1n the extending direction thereof i1s longer
than the outer dimension in'Y direction of the optical modu-
lator 451. As shown 1in FIG. 21, opposing outer-surfaces of the
pair ol extending portions 14358B, 1458C of the heat pipe
1458 are connected 1n a heat-transferable manner with the
optical-element-side connecting portions 43512C, 4512D of
the optical modulator 451. In other words, as shown 1n FIG.
21, pipe-side connecting portions 143818, 14581C of the
outer surfaces of the pair of extending portions 14588, 1458C
that 1s connected 1n a heat-transierable manner with the opti-
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cal-element-side connecting portions 4312C, 4512D of the
heat pipe 1458 serves as pipe-side connecting portions.

Similarly to the seventh exemplary embodiment, the heat
pipe 1458 may be connected with the optical modulator 451
by connecting the optical-element-side connecting portions
4512C, 4512D with the pipe-side connecting portions
145818, 14581C by soldering, welding, adhering with a ther-
mally-conductive adhesive and the like.

With the above-described arrangement, 1n the tenth exem-
plary embodiment, three heat pipes 1438 are provided for the
overall optical device body 45A 1n correspondence with the
number of the optical modulators 451.

As shown in FIG. 21, on the outer surfaces of the extending,
portions 14588, 1458C of the heat pipe 1458, fin-like por-
tions 135835 are respectively attached 1n a manner similar to
the seventh exemplary embodiment. The fin-like portions
13585 extend 1n diagonal directions of the rectangular shape
in plan view of the cross dichroic prism 455, which 1s similar
to the seventh exemplary embodiment.

Next, a structure for releasing heat generated on the liquid
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the eighth exem-
plary embodiment 1s substantially the same as that of the
seventh exemplary embodiment except for a difference
described below.

In the eighth exemplary embodiment, since the heat pipe
1458 has the above-described U-shape 1n plan view in which
-Y ends of the heat pipes 1358 of the seventh exemplary
embodiment are connected with each other, the substantially
center portions (in Y direction) of the pair of extending por-
tions 14588, 1458C function as evaporating portions 14582
and the both ends 1 Y direction of the pair of extending
portions 14588, 1458C on the low temperature sides (the
sides located apart from the evaporating portions 14582) and
the base end 1458 A function as condensing portions 14583 A,
145838, 14584.

Specifically, as indicated by the arrows R2 1n FIG. 21, the
heat generated on the liquid crystal panel 4511 moves through
a heat transfer passage from the liquid crystal panel 4511 via
the holder frame 4512 to the heat pipe 1458 and from the
evaporating portions 14582 of the heat pipe 1458 to the con-
densing portions 14383 A, 14583B from which the heat 1s
released to the outside via the fin-like portions 13583. Simi-
larly to the seventh exemplary embodiment, since the fin-like
portions 13585 are provided on the outer surfaces of the heat
pipe 1458 at the positions substantially opposite to the pipe-
side connecting portions 145818, 14581C, a portion of the
heat transferred to the pipe-side connecting portions 145818,
14581C 1s transferred toward the condensing portions
14583 A, 145838 as indicated by the arrows R4 in FIG. 21 and
released to the outside.

According to the above-described eighth exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the seventh exemplary embodiment.

In the eighth exemplary embodiment, the heat pipe 1458 1s
formed 1n the U-shape in plan view, in which the ends on -Y
side of the heat pipes 1358 described in the seventh exemplary
embodiment are connected with each other to provide the
base end 1458A and the pair of extending portions 14588,
1458C. Accordingly, the heat pipe 1458 can have the con-
densing portion 14584 in addition to the evaporating portions
14582 and the condensing portions 14383 A, 145838 which
respectively correspond to the evaporating portions 13582
and the condensing portions 13583 A, 13583B of the two heat
pipes 1358 of the seventh exemplary embodiment. In other
words, larger condensing portion can be provided on the 14358
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as compared with the heat pipe 1358 described 1n the seventh
exemplary embodiment to ensure a larger heat releasing area,
so that temperature difference between the evaporating por-
tions and the condensing portions can be set large, thereby
increasing heat transier rate 1n the tube. Further, unlike the
arrangement of the seventh exemplary embodiment using two
heat pipes, the optical modulator 451 can be efficiently cooled
by only one heat pipe 1458, so that the structure of the optical
device body 45 A can be simplified, thereby reducing the cost
of the optical device body 45A and accordingly the cost of the
projector 1.

Ninth Exemplary Embodiment

A ninth exemplary embodiment of the mvention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described seventh exemplary embodiment and
detailed description thereof will be omitted or simplified.

FIG. 22 1s a perspective view showing a structure of a heat
pipe 858 and a connecting structure of the heat pipe 8358 and
the optical modulator 451 according to the ninth exemplary
embodiment. Note that, in FIG. 22, an optical axis of a light
beam 1rradiated from the optical modulator 451 1s defined as
Z-axis and two axes orthogonal to Z-axis are defined as
X-axis (horizontal axis) and Y-axis (vertical axis) for conve-
nience for description.

As shown 1 FIG. 22, the ninth exemplary embodiment
differs from the seventh exemplary embodiment only in the
structure of the heat pipe 838. The rest of the arrangement 1s
the same as the seventh exemplary embodiment.

The heat pipe 838 1s a heat pipe that has a function and a
cross-sectional shape (circular cross section) similar to that of
the heat pipe 1358 described 1n the seventh exemplary
embodiment, which is different from the heat pipe 1338 1n
that =Y ends of the heat pipes 1358 shown 1n FIG. 19 extend
and bend to form U-shapes in plan view as shown 1n FIG. 22.

As shown 1n FIG. 22, each heat pipe 8358 1s pressed into the
U-shape 1n plan view including a base end 858 A extending
along X7 plane and a pair of extending portions 838B, 858C
extending from both ends of the based end 858A m +Y
direction. As shown 1n FIG. 22, the heat pipe 858 1s formed
such that a length in the extending direction (Y direction) 1s
larger than that of the outer dimension 1n'Y direction of the
optical modulator 451. As shown in FIG. 22, outer surfaces of
the outer sides of the U-shape of the extending portions 858B
out of the pair of extending portions 8538B, 858C of the heat
pipe 858 are respectively connected 1n a heat-transferable
manner with the optical-element-side connecting portions
4512C, 4512D of the optical modulator 451. In other words,
as shown 1n FIG. 22, pipe-side connecting portions 8381 are
provided on a part of the outer surfaces of the extending
portions 858B connected in a heat-transferable manner with
the optical-element-side connecting portions 4512C, 4512D
of the heat pipe 858.

Similarly to the seventh exemplary embodiment, the heat
pipe 858 may be connected with the optical modulator 451 by
connecting the optical-eclement-side connecting portions
4512C, 4512D with the pipe-side connecting portions 8581
by soldering, welding, adhering with a thermally-conductive
adhesive and the like.

With the above-described arrangement, similarly to the
seventh exemplary embodiment, six heat pipes 858 are pro-
vided for the overall optical device body 45A 1n the ninth
exemplary embodiment.
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FIG. 23 1s an illustration for showing extending directions
of the base end 858A and a fin-like portion 8585 of the heat
pipe 858.

As shown 1n FIG. 22, the fin-like portion 8585 1s attached
on the outer surface of the heat pipe 858. The fin-like portion
8585 1ncludes a first fin-like portion 8585A attached on the
outer surface inside the U-shape of the heat pipe 858 and a
second fin-like portion 85858 attached on the outer surface of
the outer side of the U-shape of the heat pipe 858.

The first fin-like portion 8385A 1s formed in substantially
the same shape using the same material as the fin-like portions
13585 described 1n the seventh exemplary embodiment. As
shown 1n FIG. 11, one side of the first fin-like portion 8585 A
which extends in 'Y direction 1s connected 1n a heat-transier-
able manner to a position substantially opposite to the pipe-
side connecting portion 8581 of the heat pipe 858. As shown
in FI1G. 22, other sides of the first fin-like portion 8585A are
attached 1n a heat-transierable connection on the outer sur-
faces of the base end 858 A and the extending portion 858C of
the inner side of the U-shape of the heat pipe 858 to cover the
inside of the U-shape of the heat pipe 858. A connecting
structure of a heat releasing plate 8586 and the heat pipe 1358
can be the same as that of the fin-like portions 135835 and the
heat pipe 1358 described 1n the seventh exemplary embodi-
ment.

As shown 1n FIG. 22, the second fin-like portion 85858 1s
formed 1n substantially the same shape using the same mate-
rial as the above-described first fin-like portions 85835 A, the
second fin-like portion 85858 extending 1n the same direction
as the extending direction of the base end 858 A of the heat
pipe 858 and connected 1n a heat-transferable manner on the
outer surface of the outer side of the U-shape of the extending
portion 858C of the heat pipe 858. A connecting structure of
the fin-like portion 83585 and the heat pipe 1358 can be the
same as that of the above-described first fin-like portions
83585 A and the heat pipe 838.

As shown 1n FIG. 23, the base end 858 A and the fin-like
portions 85835A, 858358 of the heat pipe 838 are attached on
the optical modulator 451 so as to project 1n diagonal direc-
tions of the rectangular shape 1n plan view of the cross dich-
roic prism 455 with the optical device body 45A integrally
assembled.

Next, a structure for releasing heat generated on the liquad
crystal panel 4511 due to wrradiation of light beams will be
described.

Note that the heat releasing structure of the minth exem-
plary embodiment 1s substantially the same as that of the
seventh exemplary embodiment but has a difference
described below.

In the ninth exemplary embodiment, since the heat pipe
8358 has the U-shape in plan view in which the ends on -Y side
of the heat pipes 1358 described 1n the seventh exemplary
embodiment are connected with each other and the outer
surface of the outer side of the extending portion 858B out of
the pair of extending portions 858B, 858C is connected 1n a
heat-transierable manner to the optical modulator 4351, the
substantially center portion (1in'Y direction) of the extending
portion 838B function as an evaporating portion 8582 and the
both ends 1n'Y direction of the extending portion 858B on the
low temperature sides (the sides located apart from the evapo-
rating portions 8582), the base end 858 A and the extending
portion 858C function as condensing portions 8583 A, 85838,
8584 A, 8584B.

Specifically, as indicated by arrows RS 1in FIG. 22, the heat
generated on the liquid crystal panel 4511 moves through a
heat transier passage from the liquid crystal panel 4511 via
the holder frame 4512 to the heat pipe 858 and from the

5

10

15

20

25

30

35

40

45

50

55

60

65

42

evaporating portion 8582 of the heat pipe 838 to the condens-
ing portions 8583 A, 85838, 8584A, 8584B. The heat 1s

released from the condensing portions 8583 A, 85838, 8584 A
via the first fin-like portion 8585A and from the condensing
portion 8584B via the second fin-like portion 83585B. Simi-
larly to the seventh exemplary embodiment, since the first
fin-like portions 8585 A are provided on the outer surfaces of
the heat pipe 858 at the positions substantially opposite to the
pipe-side connecting portions 8581, a part of the heat trans-
terred to the pipe-side connecting portions 8581 1s transferred
toward the condensing portions 8583A, 85838, 8584A,
8584B as indicated by the arrows RS 1n FI1G. 22 and released
to the outside.

According to the above-described ninth exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the seventh exemplary embodiment.

In the ninth exemplary embodiment, the heat pipe 858 has
the U-shape in plan view formed by the base end 838 A and the
pair of extending portions 858B, 858C and an outer surface of
the outer side of the U-shape on the extending portion 858B
out of the pair of extending portions 8588, 858C 1s connected
in a heat-transferable manner to the optical modulator 451.
Accordingly, along the sides of the optical modulator 451, by
connecting the heat pipes 858 to X sides in'Y direction, length
inY direction (1.e. 1n the thickness) of the projector 1 1n which
the optical device body 45A 1s mounted 1s not increased on
account of the heat pipe 858. When the optical device body
45A 15 housed 1n the projector 1, the heat pipes 8358 can be
casily located 1n gap among components in the projector 1,
thereby avoiding increase 1n size of the projector 1. In addi-
tion, by employing the above-described shape of the heat
pipes 858 and connecting the heat pipes 858 to the optical
modulator 451 in the above-described manner, 1t 1s possible to
set the length of the heat pipes 838 longer while avoiding
increase in size ol the projector 1, so that a heat-releasing area
of the heat pipes 858 and a temperature difference of the
evaporating portions 8582 and the condensing portions
8583A, 85838, 8584A, 8584B can be increased, thereby
increasing the heat transfer rate 1n the tube.

Further, since the fin-like portion 83585 1s attached on the
outer surface of the mner side of the U-shape and the outer
surface of the outer side of the U-shape of the extending
portion 838C of the heat pipe 8358, a sullicient heat-releasing
area can be obtained while preventing the fin-like portion
83585 from causing increase 1n size ol the optical device body

45A.

Tenth Exemplary Embodiment

A tenth exemplary embodiment of the mvention will be
described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described ninth exemplary embodiment and detailed
description thereol will be omitted or stmplified.

FIG. 24 15 a perspective view showing a structure of a heat
pipe 958 (a heat-conducting member) and a connecting struc-
ture of the heat pipe 958 and the optical modulator 451
according to the tenth exemplary embodiment. Note that, 1n
FIG. 24, an optical axis of a light beam 1rradiated from the
optical modulator 451 1s defined as Z-axis and two axes
orthogonal to Z-axis are defined as X-axis (horizontal axis)
and Y-axis (vertical axis) for convemence for description.

As shown 1 FIG. 24, the tenth exemplary embodiment
differs from the ninth exemplary embodiment only 1n the
structure of the heat pipe 938. The rest of the arrangement 1s
the same as the ninth exemplary embodiment.
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The heat pipe 958 1s a heat pipe that has a function and a
cross-sectional shape (circular cross section) similar to that of
the heat pipe 858 described 1n the ninth exemplary embodi-
ment except for a difference from the heat pipe 858 in that
ends on +Y side of the extending portion 858B of the heat
pipes 858 shown 1n FIG. 22 are connected with each other.

As shown 1n FIG. 24, the heat pipe 938 1s pressed into the
U-shape in plan view 1n correspondence with the outer profile
of the optical modulator 451, the U-shape including a base
end 958A extending along the surface on +Y side of the
optical modulator 451 and a pair of extending portions 938B,
958C extending from £X sides of the optical modulator 451.
The heat pipe 958 1s pressed 1nto a shape similar to that of the
heat pipe 858 described in the ninth exemplary embodiment,
in which ends 1n —Y direction of the pair of extending portions
9588, 958C are bent to form bend-forming portions 958D,
958E. As shown 1n FIG. 24, the heat pipe 958 1s formed such
that a distance between the pair of extending portions 9588,
958C (a distance 1n X direction) 1s substantially the same as
the outer dimension in X direction of the optical modulator
451. As shown in FIG. 24, opposing outer-surfaces of the pair
of extending portions 9588, 958C of the heat pipe 958 are
connected 1n a heat-transferable manner with the optical-
clement-side connecting portions 4512C, 4512D of the opti-
cal modulator 451. In other words, as shown in FIG. 24,
pipe-side connecting portions 9581B, 9581C of the outer
surfaces of the pair of extending portions 958B, 958C that 1s
connected 1 a heat-transferable manner with the optical-
clement-side connecting portions 4512C, 4512D of the heat
pipe 938 are provided.

Similarly to the ninth exemplary embodiment, the heat
pipe 958 may be connected with the optical modulator 451 by
connecting the optical-eclement-side connecting portions
4512C, 4512D with the pipe-side connecting portions 9581B,
9581C by soldering, welding, adhering with a thermally-
conductive adhesive and the like.

With the above-described arrangement, 1n the tenth exem-
plary embodiment, three heat pipes 958 are provided for the
overall optical device body 45A 1n correspondence with the
number of the optical modulators 451.

The fin-like portions 8585 (each having the first fin-like
portion 8585A and the second fin-like portion 83585B) are
respectively attached to the extending portion 958B and the
bend-forming portion 958D (corresponding to the heat pipe
858 described in the ninth exemplary embodiment) and to the
extending portion 958C of the bend-forming portlon 958E
(corresponding to the heat pipe 858 described 1n the ninth
exemplary embodiment) of the heat pipe 9358 1n a similar
manner to that of the ninth exemplary embodiment as shown
in FIG. 24.

Next, a structure for releasing heat generated on the liquad
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the tenth exem-
plary embodiment 1s substantially the same as that of the ninth
exemplary embodiment except for a difference described
below.

In the tenth exemplary embodiment, since the heat pipe
958 has the shape 1n which +Y-ends of the heat pipes 858 of
the ninth exemplary embodiment are connected with each
other, the substantially center portions (in'Y direction) of the
pair of extending portions 958B, 958C function as evaporat-
ing portions 9382 and the both ends in 'Y direction of the pair
of extending portions 958B, 958C on the low temperature

sides (the sides located apart from the evaporating portions
9582), the base end 1458 A and the bend-forming portion

958D, 958E 8 (corresponding to the base end 858 A and the
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extending portion 838C described in the minth exemplary
embodiment) function as condensing portions 9583A,

95838, 9583C, 9584 A, 9584B.

As indicated by arrows R6 1n FIG. 24, the heat generated on
the liguid crystal panel 4511 moves through a heat transier
passage from the liqud crystal panel 4511 via the holder
frame 4512 to the heat pipe 958 and from the evaporating
portions 9582 of the heat pipe 958 to the condensing portions

0583 A, 95838, 9583C, 9584 A, 9584B. The heat 1s released
from the condensing portions 9584A, 95848 via the heat
releasing plates 8586 and from the condensing portions

9584 A, 9584B via the fin-like portions 8585 and the heat

releasing plates 8586. Similarly to the ninth exemplary
embodiment, since the heat releasing portions 8386 are pro-
vided on the outer surfaces of the heat pipe 958 at the posi-
tions substantially opposite to the pipe-side connecting por-
tions 95818, 9581C, a part of the heat transferred to the

pipe-side connecting portions 9581B, 9581C 1s transierred
toward the condensing portions 9583A, 95838, 9584 A,
9584B as indicated by the arrows R6 1n FIG. 24 and released

to the outside.

According to the above-described tenth exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the minth exemplary embodiment.

In the ninth exemplary embodiment, the heat pipe 958 1s
formed 1n the shape, 1n which +Y-ends of the extending por-
tions 838B of the heat pipes 858 described 1n the ninth exem-
plary embodiment are connected with each other to provide
the base end 958 A, the pair of extending portions 9588, 958C
and the bend-forming portions 958D, 958E. Accordingly, the
heat pipe 958 can have the evaporating portions 9582 and the
condensing portions 9583 A, 95838, 9584 A, 95848 which
respectively correspond to the evaporating portions 8582 and
the condensing portions 8583, 8584 of the two heat pipes 8358
of the ninth exemplary embodiment as well as the condensing
portion 9583C. In other words, as compared with the heat
pipe 858 described 1n the ninth exemplary embodiment, the
heat pipe 9538 has such enlarged condensing portions to
ensure a larger heat releasing area, so that temperature differ-
ence between the evaporating portions and the condensing
portions can be set large, thereby 1ncreasing heat transfer rate
in the tube. Further, as compared to the arrangement of the
ninth exemplary embodiment, the optical modulator 451 can
be efficiently cooled by only one heat pipe 958 without pro-
viding two heat pipes, the structure of the optical device body
45A can be simplified, thereby reducing the cost of the optical

device body 45A.

Eleventh Exemplary Embodiment

An eleventh exemplary embodiment of the invention will
be described below with reference to the attached drawings.

In the following description, the same reference numerals
will be attached to the same structures and components as the
above-described ninth exemplary embodiment and detailed
description thereol will be omitted or stmplified.

FIG. 25 15 a perspective view showing a structure of a heat
pipe 1058 (a heat-conducting member) and a connecting
structure of the heat pipe 1058 and the optical modulator 451
according to the eleventh exemplary embodiment. Note that,
in FI1G. 25, an optical axis of a light beam 1rradiated from the
optical modulator 451 1s defined as Z-axis and two axes
orthogonal to Z-axis are defined as X-axis (horizontal axis)
and Y-axis (vertical axis) for convemence for description.

As shown i FIG. 25, the tenth exemplary embodiment
differs from the ninth exemplary embodiment only 1n the
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structure of the heat pipe 1058. The rest of the arrangement 1s
the same as the ninth exemplary embodiment.

The heat pipe 1058 has a function and a cross-sectional
shape (circular cross section) similar to that of the heat pipe
858 described 1n the ninth exemplary embodiment except for
a difference from the heat pipe 858 1n that +Y ends of the
extending portions 8588, 858C of the heat pipes 838 shown n
FIG. 22 are connected with each other.

As shown1n FIG. 25, the heat pipe 1038 15 pressed and bent
into a ring rectangular profile in plan view. As shown 1n FIG.
25, the heat pipe 1058 1s formed such that a length in Y
direction inside the ring shape is larger than that of the outer
dimension 1 Y direction of the optical modulator 451. As
shown 1n FIG. 25, an outer surface of the outer side of the ring
shape of a portion 1058B (corresponding to the extending
portion 8588 described 1n the ninth exemplary embodiment)
out of a pair of portions extending 1n'Y direction 1s connected
in a heat-transferable manner with the optical-element-side
connecting portion 4512C, 4512D of the optical modulator
451. In other words, as shown 1n FI1G. 25, pipe-side connect-
ing portions 103581 of the outer surfaces of the portions 10588
connected in a heat-transierable manner with the optical-
clement-side connecting portion 4512C, 4512D of the heat
pipe 1038 are provided.

Similarly to the ninth exemplary embodiment, the heat
pipe 1058 may be connected with the optical modulator 451
by connecting the optical-element-side connecting portions
4512C, 4512D with the pipe-side connecting portions 10581
by soldering, welding, adhering with a thermally-conductive
adhesive and the like.

As shown 1n FIG. 25, the fin-like portion 83585 (the first
fin-like portion 8585 A, the second fin-like portion 85835B) 1s
attached 1n a manner similar to an outer surface of the inner
side of the ring shape and an outer surface of the outer side of
the ring shape of the other portion 1038C out of the pair of
portions extending 1n Y direction of the heat pipe 1058.

The first fin-like portion 8585A 1s connected in a heat-
transierable manner to outer surfaces of the inner side of the
ring shape of the portions 1058B, 1058C extending in Y
direction, the pair of portions 1058A extending along XY
plane (corresponding to the base end 858 A of the ninth exem-
plary embodiment) and a portion 1058D of the heat pipe
1058.

Next, a structure for releasing heat generated on the liquad
crystal panel 4511 due to irradiation of light beams will be
described.

Note that the heat releasing structure of the eleventh exem-
plary embodiment 1s substantially the same as that of the ninth
exemplary embodiment but has a diflerence described below.

In the eleventh exemplary embodiment, since the heat pipe
10358 has the ring shape in which the ends on +Y side of the
pair ol extending portions 858B, 838C of the heat pipe 8358
described 1n the minth exemplary embodiment are connected
with each other, the substantially center portion (in Y direc-
tion) of the portion 1058B extending in Y direction function
as an evaporating portion 10382 and the both ends m Y
direction of the portion 1058B on the low temperature sides

(the sides located apart from the evaporating portion 10582)
and the portions 1058A, 1058C, 1058D function as condens-

ing portions 10583 A, 105838, 10584A, 105848, 10584C.
Asindicated by arrows R7 in F1G. 22, the heat generated on
the liquid crystal panel 4511 moves through a heat transier
passage from the liquid crystal panel 4511 via the holder
frame 4512 to the heat pipe 1058 and from the evaporating
portion 10582 of the heat pipe 1058 to the condensing por-
tions 10583 A, 105838, 10584 A, 105848, 10584C. The heat
1s released from the condensing portions 10583 A, 105838,
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10584 A, 10584C via the first fin-like portion 8585 A and from
the condensing portion 10584B via the second fin-like por-
tion 8585B. Similarly to the ninth exemplary embodiment,
since the first fin-like portion 85835 A 1s provided on the outer
surfaces of the heat pipe 1058 at the position substantially
opposite to the pipe-side connecting portion 10581, a portion
of the heat transierred to the pipe-side connecting portions
10581 1s transferred toward the condensing portions 10583 A,
105828, 10584A, 105848, 10584C as indicated by the
arrows R7 1in FIG. 25 and released to the outside.

According to the above-described eleventh exemplary
embodiment, following advantages can be obtained as well as
the same advantages as the minth exemplary embodiment.

In the eleventh exemplary embodiment, the heat pipe 1058
has the ring shape 1n which +Y ends of the pair of extending
portions 8588, 858C of the heat pipe 858 described 1n the
ninth exemplary embodiment are connected with each other.
Accordingly, 1n the heat pipe 1038, two reflux passages for
coolant 1n the tube can be provided between the evaporating
portions 10582 and the condensing portion 105848, thereby
increasing the heat transier rate 1n the tube.

Further, since the fin-like portion 8385 1s attached on the
inner surface in the ring shape and the outer surface of the
outer side of the ring shape at the portion 1058C of the heat
pipe 1058, a sulficient heat-releasing area can be obtained

while preventing the fin-like portion 8585 from causing
increase in size ol the optical device body 45A.

Modifications of Fifth to Eleventh Exemplary
Embodiments

Note that the scope of the invention is not restricted to the
above-described exemplary embodiments, but includes
modifications and improvements as long as an object of the
invention can be achieved.

In the fifth to eleventh exemplary embodiments, the fin-like
portions 4585, 12585, 135835, 8585 may be provided at any
positions other than those described 1n the fifth to eleventh
exemplary embodiments as long as the fin-like portions 4585,
12585, 13585, 8585 are provided on the outer surface of the
heat pipe (the heat-conducting member).

In the fifth to eleventh exemplary embodiments, the heat
pipes 1158, 1258, 1358, 1458, 858, 958, 1058 are used to cool
the optical modulators 451. However, the arrangement 1s not
limited thereto and other optical elements such as the polar-
ization converters 423, the incident-side polarizers 452, the
irradiation-side polarizers 454 may be cooled.

In the seventh to eleventh exemplary embodiments, the
heat pipes 1358, 1458, 858, 958, 1058 have a circular cross
section, but the shape thereof 1s not limited thereto. As
described in the fifth and sixth exemplary embodiments, the
cross-section may be changed by pressing into a shape such
that the pipe-side connecting portions 13581, 14581B,
14581C, 8581, 95818, 9581C, 10581 are flat to allow sur-
face-contact with the optical modulator 451.

In the seventh to eleventh exemplary embodiments, the
fin-like portions 135835, 8585 are provided as bodies separate
from the heat pipes 1358, 1458, 858, 958, 1058. However, the
arrangement 1s not limited thereto. The outer surface of the
heat pipes may be formed 1n a fin-like shape similarly to the
fifth exemplary embodiment.

In the fifth, sixth and eighth exemplary embodiments, the
heat pipes 1158, 1258, 1458 have the U-shape 1n plan view
but may have a ring shape substantially the same as that of the
heat pipe 1058 described 1n the eleventh exemplary embodi-
ment by connecting the distal ends of the U-shape.
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In the aforesaid exemplary embodiments, the heat pipes
1158, 1258, 1358, 1458, 858, 958, 1058 have an ellipse or
circular cross section, but may have another cross section
such as a rectangle, a trnangle or a semicircle.

FIGS. 26 and 27 show modifications of the sixth exemplary
embodiment.

In the sixth exemplary embodiment, the shape of the fin-
like portion 12585 may not be limited to that described 1n the
sixth exemplary embodiment but may be any other shape.

For instance, the fin-like portion 12585' shown 1n FIG. 26
may alternatively be employed. More specifically, as shown
in FI1G. 26, the fin-like portion 12585' has the U-shape in cross
section 1nto which a plate-like member 1s pressed (bent) so as
to sandwich the fin connectors 1258 A1, 1258 A2 of the heat
pipe 1258. The surfaces of the mnner side of the U-shape of the
fin-like portion 12585' are connected with the fin connectors
1258A1, 1258 A2 1n a heat-transterable manner. As shown 1n
FIG. 26, the fin-like portion 12585 has the shape 1n which the
distal end of the U-shape accords with the end on -Y side of
the optical modulator 451. As shown 1n FIG. 26, the fin-like
portion 12583%' has the shape 1n which protrusions 125835A
protruding 1nY direction are formed on a surface intersecting,

7. direction.

Alternatively, the fin-like portion 125835" shown 1n FI1G. 27
may be employed. As shown 1n FIG. 27, the fin-like portion
12585" 1s provided as two bodies that are formed by sheet-
processing a metal member of aluminum or the like, each
body including two fins 12385A" having a curved surface to
coincide with the outer surface of the circular-cross-sectional
heat pipe 1258" at positions spaced apart from the heat pipe
1258". The curved outer surfaces of the fin-like portions
123585" are connected with the outer surface of the heat pipe
1258" in a heat-transferable manner so as to cover the outer
surface of the heat pipe 1258" 1n the connected state.

Modifications of First to Eleventh Exemplary
Embodiments

Though the light source device 41 1s a discharge-emission
light source device 1in the above exemplary embodiments,
various solid hight-emitting elements such as laser diode,
LED (Light Emitting Diode), Organic EL (Electro-Lumines-
cence) element, silicon light-emitting element and the like
may alternatively be used.

Though a single light source device 41 1s used and the light
from the light source device 41 1s separated 1nto three color
lights by the color separating optical device 43 1n the above
exemplary embodiments, the color separating optical device
43 may not be provided and three solid light-emitting ele-
ments respectively emitting the three color lights may be used
as the light source device.

Though the projector 1 1s a three-plate projector having
three liguid crystal panels 4511 i the above exemplary
embodiments, the projector 1 may be a single-plate projector
having a single liquid crystal panel. Alternatively, the projec-
tor 1 may be a projector having two liquid crystal panels or a
projector having more than three liquid crystal panels.

In the above-described exemplary embodiments, although
a transmissive liquid crystal panel having different light-
incident side and light-irradiation side 1s used, a retlective
liquid crystal panel having common light-incident side and
light-irradiation side may be used.

In the above-described embodiments, the liquid crystal
panel 1s used as the optical modulating element, an optical
modulating element using a micro mirror or the like other
than a liquid crystal panel may be used. In such case, the
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incident-side polarizers 452 and the irradiation-side polariz-
ers 454 on the light-incident side and the light-emitting side
can be omitted.

In the above exemplary embodiments, the front-type pro-

5 jector that projects an 1image 1n a direction for observing a
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screen 1s taken as an example, but the invention may be
applied to a rear-type projector that projects an 1image in a
direction opposite to the direction for observing the screen.

Although the best mode and the like for implementing the
invention have been disclosed above, the invention 1s not
limited thereto. In other words, while the invention has been
mainly 1llustrated and described on the specific exemplary
embodiment, a person skilled in the art can modify the
arrangements such as shape, material, quantity and the like of
the above-described exemplary embodiment without depart-
ing from the technical 1dea and scope of the invention.

Therefore, the description limiting the shapes, matenals
and the like disclosed above 1s intended to be illustrative for
casier understanding but not to limit the invention, hence the
invention includes a description using a name of the compo-
nents without a part of or all of the limitation on the shapes,
maternals and the like.

Since an optical element can be efficiently cooled, the
invention can be suitably applied to a projector used for
presentation, home theatre system and the like.

What 1s claimed 1s:

1. A projector, comprising:

a light source device;

an optical device that modulates a light beam irradiated

from the light source device in accordance with 1image
information; and

a projection optical device that projects the light beam

modulated by the optical device, wherein

the optical device includes:
an optical element optically converting the light beam
incident thereon and emitting the converted light
beam; and
a heat pipe having an outer surface that 1s connected with
the optical element 1n a heat transferable manner to
cool the optical element, the heat pipe including: a
tube; a capillary structure provided in the tube; and a
coolant housed 1n the tube, the coolant circulating in
the tube to transter heat in the heat pipe, and
the heat pipe has a U-shape in plan view which 1s formed by
a base end extending 1n a predetermined direction and a
pair of extending portions extending from ends of the
base end 1n a direction substantially orthogonal to an
extending direction of the base end, the outer surface of
the heat pipe being pressed so as to coincide with a
profile of an outer surface of the optical element such
that the heat pipe surface-contacts with the outer surface
of the optical element.
2. The projector according to claim 1, wherein
the capillary structure of the heat pipe 1s provided by a
sintered wick.
3. The projector according to claim 1, wherein
a fin-like portion for heat-releasing 1s provided on the outer
surface of the heat pipe.
4. The projector according to claim 3, wherein
the fin-like portion 1s made by forming the outer surface of
the heat pipe into a fin-like shape.
5. The projector according to claim 3, wherein
the fin-like portion 1s a body separate from the heat pipe,
the fin-like portion being connected to the outer surface
of the heat pipe 1n a heat transierable manner.
6. A projector, comprising:
a light source device;
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an optical device that modulates a light beam 1rradiated
from the light source device in accordance with image
information; and
a projection optical device that projects the light beam
modulated by the optical device, wherein
the optical device includes:
an optical element optically converting an incident light
beam and emitting the converted light beam; and
a heat pipe having an outer surface that 1s connected with
the optical element 1n a heat transierable manner to
cool the optical element, the heat pipe including: a
tube; a capillary structure provided in the tube; and a
coolant housed 1n the tube, the coolant circulating 1n
the tube to transfer heat 1n the heat pipe, and
a fin-like portion for heat-releasing 1s provided on the outer
surface of the heat pipe,
the heat pipe having a U-shape in plan view which 1s
formed by a base end extending in a predetermined
direction and a pair of extending portions extending
from ends of the base end 1n a direction substantially
orthogonal to an extending direction of the base end, an
outer surface of one of the pair of extending portions
being connected with the optical element at an outer side
of the U-shape 1n a heat transferable manner, and
the fin-like portion includes a first fin-like portion provided
on the outer surface of the heat pipe at an mnner side of the
U-shape to cover the entire inner side of the U-shape and
a second fin-like portion provided on the outer surface of
the heat pipe at the outer side of the U-shape.
7. The projector according to claim 6, wherein
the optical device includes:
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a color-combining projector in a rectangular shape 1n
plan view that includes three light-incident-side sur-
faces on which the light beam 1s respectively incident
and a light-emitting-side surface from which the light
beam 1s 1rradiated, the color-combining projector
emitting the incident light beams after being com-

bined;

three of the optical element are respectively provided on
the three light-beam incident side surfaces so as to
enclose the color-combiming projector;

a plurality of the heat pipes are provided and connected to
respective sides of the three optical elements 1n a heat
transierable manner at positions corresponding to the
four corners of the rectangular shape 1n plan view of the
color-combining projector; and

the fin-like portions provided on the plurality of the heat
pipes extend 1n diagonal directions of the rectangular
shape 1n plan view of the color-combining projector.

8. The projector according to claim 1, wherein the optical
clement 1s pressed so as to coincide with the outer surface of
the U-shape.

9. The projector according to claim 8, wherein the outer
surface of the optical element only surface-contacts with the
heat pipe on three sides.

10. The projector according to claim 6, wherein the first
fin-like portion 1s formed 1n a plane substantially parallel to a
plane extending between the pair of extending portions of the
heat pipe, and

the first fin-like portion extends between the pair of extend-
ing portions of the heat pipe such that the first fin-like
portion covers the inner side of the U-shape.
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